APPENDIX 

TYPE StiD SUGGESTIVE COURSES OP STUDY 

COURSE IN MECHANICAL ENGINEERING IN COLLEGE 
GRADE INDL'STJtlVL SCHOOL 

(To SUppkTntflt pope 90 ) 

Tns course in mwlianii-il cnginM-ring aims first, to give the 
Htudmt a tburamgli tramiug in diirli fundamentals a* phyatej. 
diallinuad*, and uppliod ltux-ltaakii-N; then. by iunm* ul lain™, 
[aboutorj r work, and drawing-rucim wfirk, tu moke liiin [ami liar 
nilh tiny various prubkm* uitli alnrlj a mechanical engineer has 
to deal Ur in also pven a training iel the mwlionic arts Mifikicnt 
to make kiln familiar uilb liu- hm. 1 ship lotik foundry practice, 
furling and pattern work, mn-h krumkilgu liciug essential to the 
siimesafiil dtisiflyirr of liiicliEumv 
The work in ntn'ltiriHii includes the Ktinly of linkages, rams, 
gear t«tb, rolve pan of vtroni engines, and, in the advanced 
courses, given in the I liinl year, the application of niL^hfinisinj 
to machine took and to ui i tcnitDtk 1 in^rlirncry. The course in 
heat crguuocring covera Iticnnoi] jimmies, steam engines, boilers, 
^rngm« P |^pi™liicH‘r3 h [uii[(Winerstationorresaorii 1 ! Cornet 
arc given in Applied Dynamics, Fnumlfllionsi, FudDiy Construe 
lion, Heating and Ventilnliun. RerHRrration^InrCu^jial Manage* 
merit, and on PhyuL-nl Metallurgy. The student is given suffi¬ 
cient woik in electrical engineering snhierts to enable him to 
handle the ordinary pnihh-nu wLk-h may confront him. A 
thorough nonuse in Thcmvluid Ilyilnuil ic s in fulkiwHl by Hy¬ 
draulic Engineering, a <‘nuriH’ In ■uIjic-Ii lmtli tire estimation and 
the utilbatinn of hydraulic pirner w*- dhrii^id. Instruction in 
ilmring firtcmla to the iml nf Hie Ihnd year. Lin mark (Lushing 
with the eomple te design arid * ah i list inn or a boiler. The course 
(n machine design, ratonling llimugh bulb Irniis el the senior 
year, and tbo course in pun it ]danL diaign, afford the Student an 
opportunity of applying many <1 tk fads tamed in preceding 
yaint La tbo fourth year the atudmt ifl offend the optim of 
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count! io E agmt Design, Locomotive CnuftaKrttm* MiH Enflj, 
Deeriug h ind Steam Turbine EngiiiKriiy, 

The W»rtUir? nark in Etwra* hydraulic^ and Mnngth o| 
EUtemh a pUrnied foUum tile cUshhuid work, ltd thenfry 
Raaist the student in gcltdn^ a bettr; pup outline subject^. 

9 

(Tbo whole question of imJiiitriii] education for wJlpgc pido 
bu been ini’&'tig&M rlurbiK ihr Inst fm ymr« Ly FtrA-bca 
Charles Hr of Lbo CaniL'glr Foundation of laming, Not 
Y«fc City ) 


COURSE OF STTDY IN MECHANICAL ENGINEERING 
FOR A COLLEGE GRADE INDUSTIUU SCHOOL 

ftrW Fear 
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Hnt Eqgurtcrnig 
Applsd MoclWn 
Mediae Drawing 
Wnd-noifc'vhl l 3 *Umt'11ikiD|f 


Hi'tay 

Politics] Emwncj 
Gtiter^ ytudW 


3 nond r<™ 
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Applied Medinniri 
IVrtnw MhLlthiK LlIkhbIw \ 
Djtuutiirso/ HncLmn 
Enjpwnirni:. Ijilwwlor^ 
IVcntirn] IFydreulin 

Acetncil EnRUICTTLllfi 
lifcctfirtt EoffiriKfiLg. Ld*inLm t 
rop^ttinliM 
Pvtmdit»nJ 
M whist Tool Wart 


Srtmmf Tn^ 

Mwliinc Damn 
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llcfi 

llinil Mg Mini Ventilation 
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11,t Inn 1 ThuiI tyork 
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0jdr<mir 
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titan TwVat KopiJiHwrp 


COOPERATIVE ENGINEERING EDUCATION 

(TVi unjpjpJefjioit page 30] 

Qke of tine nu»il ^wwsslul fn^iumting »-!hxJh vA odlvflf grade* 
Ih* University of Conaimati. lian iti'vduifcd a Awpcrative f4an of 
education hy ffbidi the stiidiiil iiENTi^wklwattprariicid woA 
end bbontory and fkarwra work. A* the name impliefl the 
eottpmtive ddhtmt cl education coneiata in cotipention between 
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the university and conunertial engineering ofguiutioaL Tbe 
utodHiti in divided into two aectiuu. While the first sectka id 
Attending tie university for two week, lha second lection u 
' oipged npoa outside work, Each student In in aftemabe, and 
the bi-weekly ochuge u ttratinnnl until the specific pics of work 
on Wrhuct both ire engaged u completed. r 

Thefmdjcucn id tbe case of civil wgbirers are pU«dM laborers, 
with rtifnHtds or track-™ rk, with cfiimlnjrtiun nnnpiDRs, wort 
ing M carpenters. irimiiinihlji. ch\ TV tHimmum wage tbit 1La 
studeota roceive it fifteen wnta per hour, and lie usual pay is from 
twmry to thirty cents I** hour, This Liitd ol wit w continual 
into their second year, and frequently (Imnghi mt thwr second jra. 
in onto to gicc lit rtiHlcn I h a variety ul experience. If they make 
good, liny Me prwmuled in Ilf third jinrl fourth ytm to poutloni 
cl timrkerprrs, material delta, and HiiMutirimii. In tic fourth 
and fifth years they arc given preatLT n.Tqwn.Hilitity, and arc made 
foremen, inspecting, and Eusbtant HLiKTmtnidcn'ti. Those who 
drsrc to stay with the- nuUioods arc promoted to Lte cnguirwing 
force. The warm itl nppiT-diim nun grahialty inmase, depend¬ 
ing, of course, chi the aJiihly of the students, Fjftcrn. to twenty 
dutlan per week is the presmt will', IWcvrr. a few rarptpoo* 
illy able men ore receiving more; for cttniph', i third-year man b 
lated it #116 a month as assistant suijcriotcndcnt ou a lir^r pices 
of construction work. 


COLLEGE GRADE EVENING INDUSTRIAL COURSES 
(lb mpjdrmrnl pflff: $8) 

Tn fofbmna evening coum uf rolfogn grade bk intended td 
bring the systematic study uf * imn within the of yonpff 
non who ire following industrial pnirhuits and dim to fit than- 
sdvtt for higher pwHIons. bul orr luialfo 1o attend courses during 
the day. The subjects mclndrd So the eonne* ire is follows: 

Fir&Yrtr MnAankal nn4 AVfonif CWm. Mathematics 
Physics, and Elementary Eklrii-Hy, Elnirtrt<i of Medanbm, ind 
Drawing. 

Stmtd-Ywr JlertafriflTf feurnc. FJimaihorTliRnwdyiuiA|e« 
the Steam Engine and IfoilfTt, Valve Gram, Applied Meehan iri. 
Bane alary Hydnubo, TVs! inn Iibomimy, Slpim and Hydraulic 
laboratory. Hcchiniaui and Machine Design. 
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Second-Ytttr Elflfrfasl Courts l Elements of TbennalyjiwftiLrs, 
the Slum Engine end Bdlna, Vdvo Gc«x*» Steam Laboratory* 
Dinrt Curwit Machinery, AHsmating Currents, Electric Diitri. 
bution, Electrical Testing Laboratory* and Laboratory of Dynamo 
Electric Machinery* 

UxitfulF Shra First Year. Mathematics* Physics; Element 
tfify Electricity* Elements of Mcrhanism and Drawing Applied 
Mechanic? and Graphic Statics, Steam and Hydraulic Machinery, 
and Hinting and Vcotirarian. Second Ymr. Material) and 
Testing Materials, Stncctnrol Design, Foundations* Electrical 
Machinery* and Elcetikal Tjdjoratory, Electrical Wiring, Steam 
Laboratory* and Huilding Lawn. Contrjifts, SaniUtum, etc* 

It a tlic aim to adapt the ['imrse to the men fr*r whom the instruct 
tidn n intended, and to fnrludL' tin- study of tome principles 
with which they are nut likely to boenme familiar in practice* and 
which mil give them a fuud&uuidal training b Uuac matters ihat 
will be of the greatest value to them in the work in which they are 
engaged 

The instruction embraces recitations* lecture*, drawing-room 
practice, sail lftlncatory (Dcrriscs and n given by members of the 
instructing daff of Uie day srhnol. Many lectnrra arc fully illus¬ 
trate by apparatus ami ^inTimenti. Writ^m tento are given 
from lime to turns Mid preUmi* w assigned for home wnric at 
nearly twryncrriftf, Test bunks are used in many nibjertf, but 
in some nl the work, where 11tr instriir J Unn. differs widely from 
available hooks* printed notes are supplied to the riudents at curt. 
Students an expected to purchase such lettljovks notebooks* 
instruments, and other material il« may he teeouinnrnded through¬ 
out the ouaisc* 

The scholarship of the students mid their ability to continue the 
courses an: determined in pvt by cummatitras* but considerable 
weight U given to^thc work of Uic pupil in the term. Time 
students who fail to keep well up nilh the wort or to profit suffix 
ewotly by the instruction arc hifarmwl that they are not qualified 
to pursue t|ic murk' vlvantagcuudy, Hum . 1 who eomjdcto satis, 
factorily the require! euirae* of tlir tom yean and pats the envoi, 
utiuns ora given graduate ctrtifiento*, 

The school year begins tin: last week uf S^L mbtr and continues 
Into May, There is a recta* uf wic week at Christmas. ud on 
legal holidays the rxcreuta of tV school ire suspended* Attend- 
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tax from 7.30 to 0,30 for three or focr evenings a week U required. 
[d addition to otfautc study. 

To be attained to the tint-year class the applbmt mot bo at 
lead eighteen yean of age find unit pass *t^«Wilytkflitr«iw 
ettumitions. These ftaminations may be, h a measure, of a 
competitive nature, u it is likely that the number & application) 
for admittance wilt be larger than the capacity of the stlwl. 
Considerable wtU be attached to the applicuifr imnifwtkm 
and ptnrtiid experin^ TV courses are upm to those only who 
are ambitious and willing to itudy and who purpose to complete 
tbs full course or ttfa ycart. 

A briefer college course ill indostrial Hubjftts is offered by the 
School of Brienct and Tcttuidoffy of Pratt Institute along diff emit 
lioco, at follows: 0\> supplemeut page 30.) 

Fmt Day Industrie Cuuws in Ifcchaairs, Electricity, and 
ClcnUtr.Vi affording a through proetUl and ticlmtcol training 
for young men ifcbu cue eunbitimvt to prepare tfomuelwa tor leader¬ 
ship in ptntiors of rnj|wrtou and rttpoiuibiJily in this cniutry's 
expanding industries. 

Sscoruf. Day Trade Courses in Machine Work, Carpentry and 
Building, and Tanning, fur ihrae who wish practical and tV> 
ntical irntrudion in these trades. 

ffoflb Evening Technical Courses tor those employed during 
the day in mechanical, electrical, juuI chemical industries and 
related occupations, 

Feidk Evening Trade Cwwh fur apprentices and ioumeynictt 

FtfM. Courses lor the training of medunuc teachers of trata 
in industrial schools. 

The courses oflered arc os follows; 

Baft Mutml Count* 

Median] btalrira AtvO^coreonne 

Applied EJedridly At«oy«rcouna 

Appted Cbejmstry Atwo’yearcaine 

Applied Leather Chemistry A one-year tout* 

Day TnaU Como 

Hvtfu Cvntrution AMfrytirranss 

CupobyudBuiding AoM-mrewne 

Tiuwflig AoKTWttsni 
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IV time of itttfcnt* m fa day oouh ii (y!lj moqpM vHh nqtfctd 
work fro b >,fl) kM. taiMtJLoo til vwk daya enspt Spunky, aid 
ftndntf M A mle JMtt aeeoMi 7 U> icnreta taittrad] crciitg k 
pnitaimtkLi] In tht work of (he foUowmii d|y. 


t* fiwwtijj r«AN«nl Cotinet 
Pmebal Matbmitka, lint f&v Slirujrthotf Mjtfcn&b 
Pndnl settraJ yew Tecbnfcil Cbraiatry 

Fractal] Ehctchjly fan jc$r Gcnrr*] Chmiitty 

Ituiulml Flyrics strand j-rar Mnctbc Dnifa 

JrdcftmJ ElnbH'itT tiipftl yoarQuurthatart VrwJjidi 

Gnt year Direct Current Mushiiv Itcluiiifol l)mwmg ud Madii» 
erj wad Etoctrieai IkDifd Design 

mod year Ahcro&tiqfl Cuin-nt fiistyear Hertaniral Drawing 
M«binHTaDdElectriciJl)esitpi tonal j*ju Moi-hine Design 
Btearn md tin Steam Pv^m third jxaf alerhuiuia 

lottfflfll Coubtjhtiui EtypdC 


Ckrpettryurf Building 
Fitltm'Haking 
llunbing 
Foundry frtctkt 


Ewtfrrf 2Wf (Wm 

Stat-Hrlil Work 
RWL-Mptil Pattern-Drifting 
Maeftme Work And 'IW-klnkfog 
Forger ud Heal Treatment 


JVflJifnp Comte fv Mfdmif Ttothen 
Ttah Thurliii^ Henyiitury Count 

Italic TesilLiJig Aiivaismi ('«ir a 

AH tVHlilg riuww WK VM Inrun ’MHltnSMnt UomUyi* Wedoeadlji, 
ud Fridays Inn fcptmilxT tbroupli Mmvfc 


TRAINING FOR THE DISTRIBUTING PHASE OF 
INDUSTRY 
(To 9 Up]JantnL pa# IS) 

Iks training for tine productive pluse of industry u dtflcriW 
In tie prevkuw pages ia Id production and jkUL This menu that 
llu mpbuh should be on shop training in oonauferoul flfork rather 
thin theory, The training for tJ>e dirtributivc phtae of industry 
should bo 'Hmjewb.it different, In tbc first place, there fife mt- 
tkin pernml quiliftcatiooii for n juJesnun that do not apply 
U> the workman, Second, while the salesman knowledge of hil 
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product Should be thorough, it thould bo vrry different hum that 
of the mechanic. 

Large corporations usually unit their young tncn, who have at 
least an appreciative bwiedgc of the trades front a school point 
of view* to the factory for a varying period of time. Thera is no 
standard method of training In esc among the d&fefHit fire* 
Some require 1 the sliop truming More the men enter the B&ka 
o®c«; others prescribe a short term of office work before the mm 
Miter the shops- Tim litter method semis preferable because the 
apprentice salesman iefirns the methods of doing bttsiursa, and at 
the cod of hie office practice knows jmd vliat he needs lo lean 
while in the stop. 

Any shop training for suhsmeo should he intensive and pot too 
long. The following represents a rm'lhod of training salesmen 
adopted by doc firm: The first few dm arc spent In beooiujng 
acquainted with the various officials end the layout of the plant. 
A study “ then made of the machines. One principle common to 
all machine tools should be made plain to the student, the powrr 
applied to the machine is divided uito two main branches, the 
driving of the tool or table, ai llm ease may be, and the feeds, 
Tk apprentice skidd that it musk* :>f a revolving table and 
a stationary tool; the rat of the machine ccmUta of a stria of 
kvm and covered hoxn containing numerous gear^ clutches, eta. 
Show that the power is traced from tltf belt or meter through the 
various speed gears acid feck gears to the pinion which drives the 
table. It is very desirable fur the student ti> sketch these gear 
trains on a pad; the vay act yf pulling a oonstrnelioii on paper 
hrip* to ft it in one's wind. In the amr manner, tie feed gearing 
is traced through from where ft leaves the drive gearing to the find 
tool movement. D any part of the machine is inaccraible, the 
assembling benches should he visited and the (Inured part imperial 
in ditail. Iii tins way a fairly good understanding of tin? function 
of earfa lever and dutch if obtained. Then each machine ie taken 
la order. 

Hie next step is to iusJd an informal consultation with the 
designer of the tool. With lie assistance a number of assembly 
drawings of the machine in question should be selected from the 
files; ordinarily about four or five will be sufficient to show tin 
general construction. It is advimblc to choose only such drawing) 


1 Nila Drurat Hprtuit Shop. 
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show the-nripiu parts of theinafhiiieai«mHed[t)rt (111117 
detailed drawings are likely to came confusion. These drawing 
should be gone over rutfuEIy with Lbc designer mud anything nut 
thoroughly imrlcrstood should be discussed. 0li*>ytrintK should 
then be m|de and kept in tbc saleBman'H files for rcfaienw*. It is 
better to exAniue tbc machine before tbc blue-print, far it in easier 
to m a thing in reality than on paper. 

After the drawings have Ixcn studied, it is a Rood plan fen tbe 
salesman to make a brief tour tLrnii^U tbc shop with tbe designer, 
By the mefln a emy point disrupted m tlid conference is brought 
home by actual inspection, end tbc design of tbc machine is tfrmly 
hied in mind, TV coocenlntid study of that machine may uow 
bo considered is coded, though, from time to time, inspections w[Q 
be made of various types in different stages of cit-etiocu Further¬ 
more, it is in excellent plan ftur Um safotfuan to lrnvt frequent 
chats with the men who operate these machines in (JiEFcrewt ports 
of the plant, Much valuable infnfmatiuo minting the output, 
mode of operation, anil special advantages may be obtained 
from them. This is of service if IV salesman's prospect is a " mo 
chained" man, one wild is appended to from Lbc operator's view¬ 
point, 

The apprentice sdi j 9nan slmuld cultivate the acquaintance of 
the workmen, foremen, mid desj|piL’i\ otf well u ether officials, 
lbc abiElU to get along with workmen is i wry important quality, 
Salomon come in contact with them, aM tliey should know how 
to correct a false idea instead of displaying any itupeffor knowledge. 

After a marhinc \m bceu studied in the Wgaing manner, it U 
a good plan hu 1 the satamnn b orrutujiaqy tbc inspector an hit 
final tests. Much can he humid fmrri liini. He usually has had 
extensive ripcrieiiLv and |vs^csm-h a veritaldr storchonie of anec¬ 
dote end history concerning YOfimiH maihiutfl ami their develop¬ 
ment, 

The same plan is followed with each machine, although as thi 
apprentice salesman becomes mere rapmcnccd be can cany on the 
Study of two or even three machines BiiLiiiltoncously. Along with 
\m practical training the salesman should keep up au extensive 
technical reading in all lines. A knowledge of present conditions 
and the trend of improve mint and ifovetopmcnt in Ha field an of 
grat importance, A fnrtbrr aid is the inspcctum of any outside 
planta within ramnkut distance, Qn these visits the salcsuiM 
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beonM acquainted with the condition which hfe onrhinci bra 
Id suet, the method) cl maiLufictun> and the ftqnfremenli upon 
tin machine-tod buildcf- He aJ» Ictmi the dansoA d the 
* uses of machine toojr He should trananit tH) irdurmjtfiop to 
hi) shop, ud if be euggerta any improvement of value, It ibodd 
be cunied out Frequently, though, a B&I earqan wilhirfFee a ma¬ 
chine with eextoia attachment! which ore of tittle service to the 
user, hut in a man? of trouble to build. Therefora the $*]«- 
man should know his metbinn tliorougfily, ml also his awn 
factory conditions hi that ho ran guide the purchaser in Ins 
demands. 

One of the lygcpl rantums in Uh iron and steel trade behoves 
that high-salaried executive nflktrs may he u much benefited by 
a course of industrial training u the ordinary employee who is 
trading a machine, era b&Lcunaii.&frl luu establihkid u school tor 
tra ining eiecutiYa, The students hi tbiahWaro front forty to 
icriy yean cl age, and the average age is fiFtjr^tfve. The course 
of instruction includes sWp practice, odininivtnaUau, and theory. 
The Offline of iiutmrtjon extends ovrr six weeks, during which time 
the students give their entire lime to the kchoul work. Their sal*, 
lit) cvnthuoe ta usnsl dining this lime. nud their traveling expenses 
in voting different works of the itunpany during the course are 
paid The coat of the school apart from tkse item) b shunt 
♦SJ/KK) per annum. The usual routine is to spend a fuftwori in 
tbe shop and the &ftenwuu-in attending lecture* while the evening 
it devoted to thr iludy ol trsllmolu. Tlte students an giwn 
examination) at rtatfd mtcrvilH. and Uieir markings in the ciamL 
nations arc sent to the bind office of the company. 


INDUSTRIAL COURSES OF SECONDARY GRADE IN A 
GENERAL COURSE OF STUDY 
(Tb supplement page St} 

Tb< aim of the Industrial Course is to prepare student! a* fully 
aa poraibk for definite industrial omipatioiHr 
Id the ooarae of imtnietkia for boys practical shop-work and 
nwhaufcnl drawing are cmphasccd and murh time h devoted to 
thou. Adequate attention is also given to uettsaaty academic 
■uhjecta, including English. mathematic* ami icirato, In the 
fat two yan the shop-work b genual and fundunentaL and in. 
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cfrida wood-wwktai#, ptticra-DMlring, foundry practice forging, 
machine wort the uh and quo of took tad machines, qualities 
of materials sod their production, and » study qf the fundamental 
principles of ocditnirtijQd. AH the work is educative u wdl u 
practical. At tbe end oi the secoud year, if the pupil exhibit! 
qiecul ihffltFjn apy direction, be maty be permitted to apacialin 
along this line, in order tint he my be the better filled for the 
industrial career which he ilnm, hi these courses the required 
academic work is closely iclatal to the industrial work. The 
eooraw in the day school will include «i hours, divided into sunn 
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Retired: 

Applied Uathcnlici . 4 4 
fiofituh, . fl 6 
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Mttfauwsl Drawing.. I 3 
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Applied M at h em atic 4 4 

tin gjiafr .a a 

Efoontuy Service r 4 4 
Woabw«t... . 0 3 

Mach™ Shop Practice I 3 
Mcrhuui Dramnji I 

Gftde lOA (fciYcir) 

RrquW: 

Applied Maltaurtira 4 
Btf*. .4 


M At* 

Grade 1 DR (id Year) 

Rerjuiied: 

Applied lUtWcutin 4 4 

fiagUib.4 4 

luduitriil Hirtory .. 4 4 

Ptttnn'Maliiiii* . 4 | 

Jhnndry Practice 0 9 

4 J« Imninil Drawing 4 0 


GndellA (SdYeai) 
Roquirrdr 

Ei^t. 4 

Fhywi.- a 

MacLaiunl Drurlug. 4 
ruprotiy of rb . It 
f'aliinrt'Mflkia^, or . It 
hiton-Hikin^ or It 
Foundry LYnctire, or it 
IMu- 

tkt. or It 

INrntm* It 


biwWelHhtary,. 4 4 find* HB(Al Year] 

hUxn-UsUiv,,, 4 3 itaqiwd: 

Jfouufry PSctiee_ 0 3 En^hl.4 4 

MuctwiJfaJ Divnns. 0 & [udiutnil EGltory .4 4 


1 Fhm Coor of Study, Dictum High £rlw<d, Jewy City, N J. 
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Jlprifl. s s 

iitrtumy*] Ortwin* 0 3 

Carpentry, or.W 0 

(jtatt-HtUog,, LI B 
,. It i 

Foundry PricLice, or. 14 B 
MKhiw 5 tiiDp PtM' 


tfctor..ia fl 

Frinliug, 4 r. IB B 

IdedrkxlCoutnEtiraii B 

GtrieLtMtthYw) 

Required] 

Girki. 4 4 

Shop Hittoutin . r i 4 

Geo«ti^. 4 4 

UfiJuracnl Drw?bj 3 3 

Gnipmky,or.. *0 10 

ClbfaetMilriiig, or St) 10 
Pittert-mkiiii 1 , *f. . Hi IB 
Fouixfal 1 Preftictj or.. 40 10 


Bbtoial Coortra> 

tion h tt.ll I 

Mtchkie Drifting, ct IB 4 
AKfeitaiuHlDnftiiig IB B 

fr*dfliaB( 4 Ui'ft^ 

Required: 


tma. 4 4 

Stop Alatbenatkf,.. 4 4 
Coaoetry ud Trigo- 

imnriiy* . 4 4 

Heduoicfl Dwting., 0 3 

Gupenfry.« .SB 10 

('ibjieb-M^kiti&of. r to 10 
Fatten-Haltr^ or ., SB 10 
Humify PnrtiM, or*. SB 10 
MjctoK-tibop ftic- 

tice, w.SB 10 

Frinth^vr. , H> 10 

Electrical GomIwg- 

linuor.13 A 

Martin* Drafting, OF IB I 
.tahiterbinl Uiaftinfl 13 B 


Michne-Stop rtic' 

tirf.M. *0 10 

Priitiift or. ... 40 10 

• Haqulied <a&j vUk Eiedirn] bbjI DttTbaf Cot 


SfDCLVL rstHOTMAL COtfMft [Fwopson ) 1 
Ebd popil will be required lo select Carpentry or Cthiut-Milcbig, or 
fcrtteflfcDdiiking ud Foundry Fncfint. pt Uaclu re-Stop Practice, or 


Printing, u bii BpedeJty, 

hU 

Grade 4A {lit Yfii) 

Grab GB {lit Ynr) 

Required: 

Required: 

Carpentry, or - , IB 

Cupotty, or. IB 

C*U«t-M*J(Ln& H . 10 

febtnetrkikiig.«. id 

Pittzn-Mflldug ud Pmd- 

P&tteni-Hiltiii| ud Foce' 

diy EWlne, or Id 

dry Arnett or..Iff 

AMne-Slnp Phj 3^, or.. Id 

MufalK4l]Qpftirtic*at.. Id 

FriiUig. Id 

Printing. . lb 

Ifecbudal Purring.. 0 

Htebanlcad Druriiig. 3 

Step FroUttm.. 4 

Shop FraUenu. 4 

Eo^ih.4 

Engbili.. i... 4 


1 Fhm Gum of Stuffy, HkMom ScImmI, Jeiij C&tj F Nj. 
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On^tMddYH) 

Required: 

Ckrpefitry. or. lit 

Cittut-Haldnfl,or . ... ]8 
FufUanjiakug and Fow- 
<fcy Practice, or US 

MarfuH-Shop Practice, or, I& 

ftktibtr . IS 

Mcduaktl Drawing 9 

Shop Problem. 4 

Ea^ah» iocbdiw Selected 
Boding! relating to ln- 
dirtriei and Curia .. 4 


Grade lOfl ffd Year) 

Bfqmrrd 

Carpentry, nr . ,, h I 9 ‘ 

Cibinel'MiLag. or.IS 

PbUnnvMokrag and Fm- 

[lrjr PfittLas, « r , r 19 

Mixliice-Siop Practice* *r ]fl 

Friotlng. ]9 

Mecfalrial Drawing. fl 

Shop Probktru. 4 

E^mbr bduding Selected 
Itodiug! rdntmg to Lk 
Austria nod CSvka. 4 


CG 0 PEEATIVE H 1 GH 3 CH 00 L COUBSE 

(To supplement page W) 

Air excellent pvt-time system, of education of high-school gride 
fe tem in tbe Fitchburg Cooperative High&hool Course. FHch* 
burg h a ronnidscturing city u( about AO.CWO inhabitants, with 
vuiiHU types of industries, Tk«c mtuuifftcturcn lutvc fcK tbe 
need for % long time of tffhnhaUy tnioud boys qf Li^h-AcbDcJ 
train rag- One of the lucrc&rful manufaclmfiv in the city beard 
Ptafanor Schneider describe liu parptimr ongifletTLng nthool one 
evening and he ms impressed with the simplicity and prarti- 
Abftty of the pkn, and judged iW such a scheme could be 
adapted to high-school students who wMied to knm a trade and 
continue tbdr education at the same time, 

A committee was appointed from llic different njwurfuotutm to 
ccnndo the ■dYuahiity of such a plan in the local high school 
He committee reported a plan for a oombfrial ion shop and school 
course* offering the use of their drop* for tile practical instruct ka 
of apprentices if tbe school would provide the neccsiy academic 
tDftnjctkxL Th* school committee agreed to thu plan and tuany 
UtAufrutiiiffieDtraed into tbe agreement. 

Tbs course outlined it of four years 1 duration, the lime u the 
Hfloiv high-^bool couik. He first year is spent wholly id the 
■duo! and the next three years in the abep and school — one week 
tn the shop and one week in tic slWI. In order to carry out thu 
aehemethe nunulKtunn take boyj in pairs so that by alternating 
they fen mu of the pair always al work, and likewise the School 
b provided with one of the pair. 
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Tht Vitrhburg scheme of industrial education in put into 
opmtnti August 1. lflB, with twenty-two purple^ eleven in tht 
.shop and elevtu In tbe school. The parents agree tint the toy will 
stay at thb wort fin throe years, and the manufacturer on bit part 
agrees to teach him the various branches of ttv trade designated 
in the agreement In order to malm this binding the [fcfaati must 
file a hood of fifty ddl*B. 

Bull Saturday morning the boy who baa been at school that 
Wert gm to tbe shop in order to get hold of the jub his male fi 
working on, and be newly to take it up Monday morning when tbe 
Bhophoy g«a to school for a wrrt, TVhm there b a vacation 
week in school, work is provided iti the chop, so that the boy doea 
Sot Ids! arc usd tbe streets. Tlir shop-wort consists in instipctiiaii 
in the operation of lathes, planes, drilling machines, beech and 
floor workt and other machine work The srtoobworlc ia twenty 
weeks a year, Si net it is such a dwrt course only such subjects 
are taught u art of practical tsW to the student in the pursuit 
of a livelihood, Tlw regular ttairws of high-school study won 
discarded* precedent ignored. and a nw comae oi study made out 

One great objection to crfjpttitivt- part-time a orlt b high school 
H tbe fact that the vast majority of pupil* enter the distributing, 
rather than the productive branch u! trade life. 

One of the best eiamples of the successful operation of a part' 
time system of education of iatcnpedlate school type is the Deverly 
Industrial School ■ 

Beverly b a snail minufactunnficity with one very luge Indus, 
try, the nanufictDr, 3 of shoe nurtntrry by the Unitrd Shoo 
Martian? Company. The school authorities and this large cor¬ 
poration have entered into an agrmrtcnt to furnish industrial 
education to young men between the agci of fourteen and twenty- 
five. Briefly* tbe plan of cooperation is tbe following! 

A separate department h organized in tbe factory of the United 
Shoe Machinery Company and equipped with «Q necessary 
machine tools for tbe wxonmnidation of twraty-fivc hoys at qoo 
time. Two groups of twmtydfvc alternate between tbe factory 
and tbe sthoolbou&c. 'Die company fumlrtcs ill matmak and 
keeps the accounts and purchases the product at eatablhbed price* 
The company makes up the deficit brtaoca tbe csmlngB of tbe 
poetise ibop as shown by tbe accounts and tie cost of maiate- 
uoa of the practice shop indudhg tbe salary of tbe btfriitlors 
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white in the shop. Hue hiripg of the shop ioitmctor or foreman 
and the management of the shop are hi the hands of the School 
Cnmnittro an industrial Education. This committee provides- 
in the school instruction in shop mathematics, ioHudms the ilk 
of mirittirfers and <*Iwt histnimcnti of precision, mechanic*, 
chemistry of tile different LtntLi of nHrtcriik miri in the Iartmy t 
free-hand do'ichra a'ith dimci^ioa blue-print TLadipg, mechanical 
dnwbg* English, givxfli uirlu^ti ini economics, frunnem form! Mid 
practice. The excellent laboratnrie't and olhfr equipment of tlir 
high school arc ai vlablc fur 1 lie u%e of 11* industrial \clu*d atlar- 
nooiu and evening* and a portion of another Si-lmni ih used in the 
forenoons, as iKpiiml- lu this iray wdlcnt building and dpi i]>- 
ment are used fti m additional ernot to tin: ri!y of Beverly and lltc 
coat of maratenaticc ia reduced to n minimum, No pupil, hutv- 
ever. k bound ly any agreement or indenture to continue to tlie 
end of any course. Tl* only entrance rctnuitmcnla for a hoy arc 
that he stall have nttaimd the agr of futirlcm years and shall have 
completed satisfactorily the ^Lxth. pjulo, at. least, in the piuhlie 
elementary acboola or an equivalent. Tlwr rwiuiremcJntfl of a 
pupil remaining in the scbml ore utiHfgclEvy conduct and a reason¬ 
able degree of pmEoiency in hi? noth. The greater is kid 
on the shop-work in clie of doubt. 

DAY mDL'STEJAIiSCITOaL 
(To BUpiikmtJii page M) 

The following trades are usually taught in a day indintrU 
•ctod: 

Carpentry Mvcliuiictl draftmun 

Architectural draftsman Electrician 

Cabinet-maker Engineer 

Machinist Automobile repairing 

Carjtfnfiy, The comae providing training for the trade of no 

pester conslfts of shop practice and science^ study of building 
materials, architectural drawing, mntlian[Jiis N Eu|(lii.li h wwleivlet 

Arrikkrtonffn^binsn. This m mre differs from tic carpenter^ 
«tne in haring murh of tl« ftop-wnrlt replaced by work in the 
dmftinfttfKiiu oa building ennJttrnrtioQ, 

This com*: differs from the carpenter's c**n*e 
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in hiring men time drafted to office tonitme, etc* flu to the 

bmktfng trade work. 

Afocftmud, This count, in addition to Englidi and driest to* 
dnfo machbr'shep work, fle mathematics underlying muhine- 
ihop work, study of materials drawing, nod bdk wfty a steam 
and electricity. Tbcflop-witfk mints of practice m the mud 
operations common to michinMhflp work, 

#dcAamcai tjns^tvmn Hu iDccbanKil draftsman’^ naune n 
naulw to tbc machinist 1 ! course with mnch less flap-work, and 
tncrc practice in tbc drawing-room on lUBchiue-flop work. 

Elafrwun. This roiirsc deals with practical and theoretical 
dwtiisity t sad includes dcdric wiring, building motors, winding 
Um&tarca, testing and repairing circuiU, and practical experience 
in tbc electric power station, etc. In addition there is special 
maflemetfla applied to electrical work, and English and dries 
Uabo taught 

ftafiour. This cunnc deals with the theory and practice of 
*h*m work, It includes in addition Engtibh and dries* bou» 
mochhic-shap practice, and mathematics, 

AvtoBfutik repairing. The automobile repairing anime usually 
consists of work similar to that of the machinist's caune, with 
special flop-work on the automobile and the study ot rU operation. 

lUtLWEIGHTING 

In every manufacturing ccmimraity there is a demur! in the 
hetoria for a typo of miUwrigM, or “handy nan." who is olds 
to do rough carpentry and petterri-Diilcin^, general repair machine 
work, tike cart of belts aud gears* motors aid dynamo^ do paint* 
ing and gUziug* and dcdrittl wiring of a rough character, This 
work docs not demand the skill of a tool-maker or ctbiDetrmaker, 
and will appeal to the bey of ordinary mechanical ability. 

CtnmsE or Stout (Two gem) 

Eightt, history, rii-ks, et&j shop nmhnmticg skrirtingtad 

Uufchitwarldag. -.*,,.*.(0percent 

Idlmstny pndice and oftsemtirai ad tbe foOnring nltfccti; 

Concrete ud Duony* appfied dwdttiy nd phyac* 
bytkuMks and plunking; gcmml kMwWjr, rather flu 
Sp£k oUity is required in flew subjects.tdpiroiit 
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Stop pacta In the fbOcwfflg subjects: Rough enprtfcy and 
fAttathUtking, garni] rejwir machine work, on d bdtJ I 
and gcui, cm of mnton ud dynamos, imd dedriaJ wiring 
dfiEoi^i eland®, pitfttnft Btafafc *»dpluinliii(.Mpttcv* 

Method <f teaching. Tie method of teaching mint bo hud 
upon the criftcure of a maktcnuKe problem in i factory. Same 
work of this kind ctn, no doubt bo found fa wry school, ud m 
order to nmlf tic work cEf font it is probable that Mmc ontsido 
sources of supply can bo found. AmngcifirTits should be madfl 
tn let the boys work on a parttimr basis nit factory, or lift them, 
one it n lime, upend some time in a factory or ruiIL In order to 
Recurs Ike highest depot of correlation it h dcaorabfe that tbe 
flirt-year ibop-work should be bud upon tbo project method; 
Hut during tbe second year, bo for as practicable, the technical 
work be separated from tic sbofwork and handled upon a bbo* 
ntciybam ComHatkm should be carried outae for u pwibfo, 
Machm «Aop wort, Repair maebiuo work divert ban the 
regular production work chiefly in tie lad of special machines in 
equipment, and in tic fact tint tic machinists usually go with 
their jubi from marline to machine. Id many cues the equip¬ 
ment it either inadequate or antiquated, and tie ntuhimau bun 
to ettftbt eonsidnabki ingenuity in doing their noth with the 
means at their disposal. These ccodiHana should be duplicated 
as nearly as possible in tk shop-work d the course, Tbe courte 
should include sncl work as ordinary operations on the tenstiv* 
and heavy duty drill press, milling, plain and simple ind^ milting, 
i» rinding the cuttfag of plain gears, plain shaper work and con¬ 
siderable tatle work, including work cm tbe cutting lathe. 

Btsthm&tinf, This nork could be adequately carried through 
with one or two null portable forges placed m the machine diop. 
Work of thh kind should bdudebts^pgaDd&oa^haidc&iiigiml 
femperipg. 

Efetrinl mrk. The electrical work should include a study of 
the gross anatomy of the dynamo and motor. Tic pupils should 
lean the names and functions of parts, assemble and dtaaaemlCe 
motors, and should become familiar with method oF control, feVEra- 
|pg, starting, etc* far tendon work with number B wire; lie usual 
Series of beard problems can be worked out with beffls, armuncta 
tootcfa Practice should be gifon in wiring, exposed wiring of the 
mfll type, including drilling in concede and maaofliy, and bob 
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wffik with conduits, connecting up dynamos aad motors accord hg 
to the Inrtmctkffis furnished with these macbma> Hcrcsowiring, 
u datingniahtd from mfll-wiring, should not be attempted to aay 
attut MuntdUMenijiik on interior circuits, Hffjjnj miinfto- 
mum and sample repair* qn dynamo* and motors, should id so be 
included^ Considerable practiral work can befoinuTit the school 
itself, This ran be supplemented by clitic wnrit through cooper¬ 
ation of Ute milla or from the school department. 

Carpntrjf murk. Carpentry worlc should be of the character 
required of the mill machinist, The boy should cany Lbe job 
threugh, both at the bench and, ta for u safety permits, at tbc 
machine*, Work should be eolirtly m the cheaper woods and 
should T>ot rail for a high decree of aci kimry or finish. Tbc follow¬ 
ing subjects should be eorcred in tin 1 course:: buU, lap, sod KtU Jap 
joint (no dovetailing); putting up rough partitions and Bourse 
braking stogjiygi and reaffuldLU£i. hoTra aud trucks, Tba aim 
n to turn out a cump&ralivtly rough, handy carpenter, and not a 
csbjwt-iMket; lienra fumKurc-makbp ^un.ild not be included, 
Atoum jn'pj'iTjr The object of this murk Jkuild be to turn out a 
mechanic who ran cut lbe ordinary iron piping and who knowi 
bow to cut threads bo os to make a tight joJuL, working from a 
sketch plum It should imfude the use of the Wk saw, the cold* 
chisel, bud dies for threading, and the opeiuticffu of making up 
A threaded and union joint with different types of calves, dbowi, 
teea, etc. Thu work cwiJ»r>t very well be dune unau exercise basis 
and therefore should W included in tbc ahap-wk, because tba 
only way to test the job is by putting steam into it 
Fatorfl*imifcnip. The mill machinfct is often called upon to 
make simple patternsmmulyn b.Te a pieitof repair work is needed. 
For example, a gear bwake and a simple pattern is nude from the 
broken gear, sent to a Wal foundry, and the casting iff nude in tbs 
ihop. Usually tbc important factor here is time, rather 
than extreme care in the waste of iron, Solid patterns and simple 
core patterns cover all the demand* of this course, Thoepsttertu 
thouid be nu de ra tbi cheap wood, without extreme regard to 
accuracy. Instruction should include the uae uf the shrink rule 
for iroannd brass. and provision should be made fut tbs boy who 
bu made the pattern la vnit the factory so that be will understood 
the proa* cl nuking tbe mold, 

Fftpitinp and gfcuiRp* The aim of thia work iff merely to him 
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ant« worker who can ad an ordinary pint of glun Initroction 
would therefore include removing broken gU%, claming out the 
potty and old tufa, putting in the now sfuo, ticking and putty- 
log the work. 

Cortcrek and matmr$> (Wrefi, Mixing, control of properties 
of ccucreft toy changing the mgred tents, flnod god bid mixtures 
tot different purpose, pouring. arlting, fanning. drafting, etc., 
mafcibg patlu, concrete foirnB of different kinds, u opportunity 
rffcrs. Masonry: Brick, hollnw, tile, rtf., hying, binding, trehiny, 
taking down old brick-work, the laying to line of masonry, mortar, 
tin ingredients of murtsr, oontnrt, conditions affecting settling, 
etc. This work should be largely laboratory in character, follow* 
ing the lines of the New York Truk 1 School, where work of thil 
kind is Ant set up and dun tom dorm. Ika should be supple* 
matted by some construction work. 

Engines and foikri. The aim of till* course is to acquaint the 
pupil, io i general way, with the construction, opa&tkm, nod 
function of steam units, Thin ilmuld include a general knowk 
edge of uarocs awl functions uf pints, and of the djdr-vvlvc en¬ 
gine, the cnas-cnwpuund engine, functions of accessories, mb u 
feed pumps, injectors, gauge-glasses. steam gauges, aalvpits, differ* 
ont tyjM of bailors, etc, Laboratory study along these lira an 
be carried on with a large number uf material* secured from the 
junk heap and fitted for this purpose through die melting outaf 
certain part*, sons In include the hisul^p. In addition, a study of 
the gMingint should be iticlud^L 

JJmrffljr, Tl* jtira of this ronmc in tn give some degree of 
familiarity pith reading all aorta of plan* — piping plans, electrical 
wiring plana, machnuMthup Uiw-prinu, carpentry plans, plumbing 
plana, etc.; (1) emrisca in reading simple plain of all the above; 
(*) eicfciaca in sketching layouts, Especially when the pupal it 
required to trace out a circuit, electrical, nr plumbing, etc.; 
($) dements of mechanical drawing, simple wort in tie we of 
juitnunents and projections, 

ZVwfis msiAemriim This coarse should indade ckmartsiy 
instruction in rough trade methods of [imputing material, such is 
lumber, brick, concrete, time, cutil. etc., st given in Vocational 
Maffttnitkt . 1 

Appliid mime. Applied Briem* may be tanght on a laha- 


1 See ftufouf Me&emriitt, hy W. H, Dooley. 




APPENDH 


ratory hub, with poetical dauiutiatiom, It ibodd brittle 
■ rather gcneral kntjwledge of a number d the ampler litij of 
phyika and cheat iitry u applied to trades; inch u the itfect of 
tnnpertture upon tutorial, eapansoo, contraction, suiting, boB- 
ing, dkt5Utum; a little study of light, based upon the toVlrtg of 
photography properties of metal*, etc., and a natiootof the tomu 
used ia hydrttdtes, tuch as “bead of water," “water flow," etc* 
which should be based upon a study oi the Ittca! water supply sya* 
tom. Pupils should be taught to captain practical questions, such 
u why cwcictc nets; bow a furnace is bollt to give good combo* 
tion;what mokes steam pressure; how it b eoutmlfcct; what nukes 
a dry bofler burst; how a fusible plug works, why s ^aw tootb roof 
is iifcdcn t weave thnl to firt good light; bow rfcctiu lights are 
laid Out in order to give proper illmdlutjon, rib 1 


SECONDARY DAY INDUSTRIAL SCHOOLS 

Thx following arc tbe departments and courses of study & the 
day work of the Holyoke Vocational School: 

DspuniHVi or Cajlpothy asp ButldtW 

First Kefir 

Shop Practice Trade En^fcih 

Trade Mathematics Trade Drawing 

[About 8fl per ant on shop floor) 

Applied Eorfih Dygienf 

Applied hfettienstifi Ftysal Training 

[About to per cent riwraom) 

Stand lW 

Bfop Praetlcf trade HngMt 

fttda Uathtmilus Trade Drawing 

Trade Sciem* Shop HnragpnmB 

Trade Hygtew 

ifFttsn JO to BO pa wt ibop>wHfe} 

Efi^hb Mjtflianatlea 

Ciwa Industrial Eatery 

Hygiene Phywwl Ttaudng 

(From 10 to W per cent dsnrrai) 


Btt AjfUii Seiner far hdat-Wsriuri otrf WtaWKcriwi, fay W. EL 
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fifapEfeditt 


TTratf K<cr 

SbopDnwvi % 


(ftra W to M per celt ■bip'vtiik] 


RyUtLii 

OtbtuUi 


Inqftifllml Kiitoty 
Physir-a] Traijnbg 
(Fro* 10 to pet cent cbuiwm) 

FosirfJi Year [first half) 

SfcopftwtHe Stop Uatfauitia 

(M per cent ibop-work) 

Drawing 
Hygiene 

Ffayscal Tninii# 
(tf pa cent daUfHm) 



yaarlb Y<w (#w?d Ad[ f) 

The appnivtict entm the iml r A ewoH of hii work it bpt Tbir 
HCOfd beams a jail of die complete trade record of Ibe boy. 


DEPUHEtiT OT MAlBllf&flBHP Pwcucb 

Firri Ym 

Shop Practice IHAe Hadmwtka 

Hide EagM Trruii Drawing 

Shop Mwnpmest Tndc Hygieno 

(SO pet Mat pltop-wwk) 

Applied Ualbemitin Hygiene 

Applied EqgbilL Fbjraied Traiaiiig 

(TO percent duffoomj 

Seamd Yeor 

SbopTtatctitt Trade EngLA 

trade Mitbemba Tn&Qygkse 

Trade Some Stop Meiiifgiont 

(JO to BO pa cent Jiop-ra*) 

Applied Bqgliab lndutrial Huto*? 

Applied MitiamUka CitloniMp 

Hygics* Phy^ul Traiodiig 

Gobi] Uccbuical Drawing 
(tt to ps cert ebMttmi) 
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Pricbce li*da EogM 

Trade Mitknvlki TnukSafuc* 

tibop MuagHESiL Tr*Je Hygiene 

(JW to W|HTfCtii iJ*|MiofJ[) r 

Eg^ish LiuniiiH MaihniiniiEi 

HiiiHidTwp JiuLictfiBi ilihtary 

Hjaitoc Tkiimqg 

Gearra] Mrehsiua) Hnvirp 
(JO lo Jlf fwr mid cla*Bwrt]i) 

Fwrili IVar (Jfrjf fo[f) 

Ship Prartirc lldital Trade Object) 

(M jn'f L'Kii sbmmwlij 
Elfish iJfclbfaniirt 

Smews llraujpj 

Hjpsx Phj atral Tnium 

{JO per mit tlfcirouui) 

Fomlh Jew {jeromf hdf} 

T in ipprenbi* ml|lu trade nail the rmerd j kept of bu wwk, 
Depabtmejit of PattehN’IHaeiso 
Fini ]>tir 

Slop ftictire Trade EaflhfJi 

MtHjhhdFl Truk During 

Cow-M&Jubk ' tfup ilaba^Emnit 

Tilde Mathnwitiri 

(SO |)rr n>nl Fbop-awk) 

Applied Epglhh Il^ae 

Applied UithnmLb LTiyflia] liuiipg 

(tfper nut iinsn»m) 

Stcvnd Year 

Shop fowl** Tide Bafhuh 

Tiada MatheiuUn Trade Hhhh 

Step Mitoiak 

{JO Eo fl> per not thsj>lr«i) 

Applied Eugirdi hidiulrkl Hitsiy 

Applied UaLKnnutHV CiftHenship 

Hygiene FVjiifd Tnmng 

Gamut NcHiBPioJ Drawing 
to Wptf oat dufloom) 
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Third Ytar 

iSbopFrutke Tntk £n|M 

TVide Mstbemitki Twis Wnct 

a of Miufeoenfc Tmle Hjpeae 

(SO id 90 pet cent jbop-rrtrh) 




locWml ITutorj 
Htf&raJ Tifllflfeif 
Gtwrtl Mectaakul Driving 
(W to (Mt per mit dosirooiu) 


Fowfft IVar (Jfwl in?/) 

ShcpPnciis Related Tnude ftibtyUti 

(fiQ per c^flt jlmp-work) 


Saturn Qfiwiiiy 

Hijpece Hiyaicd Tnuung 

(dfl pa emit ckMrocm) 

ftrarfft Year (teami katy) 

Thf vppmrtiK rater* Ibe trade A record \i kept of hii work which 
benon* pvt el Ibt coapletod tnde record of Uk boy. 


Firni Year 

ffbop-Fort Truk 1 Eogtiib 

(1) CnniflwilioQ Tnuje Dnurmf 

(i) Proa-Wort TflJtHyikw 

Tr*dr UttlmiiatiM 

fl» p« wot ibop-n^rt) 

Applied Kngluh Cnira 

Applied Mitlwnalin Hygiene ahJ Ejjtici] Training 

(ft) per wot clamiwin) 

tfecaml Ytar 

Slop Practkr Ttwde Ei^iiih 

TtiM Uathnutia Tnuk Hygiene 

Miteriifcof Ttude Tr«l* Design 

(WHo 5Q pn cent jbojpn irk) 

Applied Rogjiib Appbrd MnUtemtioi 

CHiesubip ludiUbii] lliulnry 

UjgkH Irtynol Tnining 

(40 to AO pef cAri cUisnjOtt) 



m 
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FAinf fw 

anp^vda TMeEfluUib 

Truk Mitlmtin Tndt Sauce 

Hitmiiiof Tmde TndcHyipeio 

(fl to 60 parent ib#?*wok) ■ 

AigEih (liteoturc) ' HsUmnidia t i 

CHimiiip Ii*hHtn*l Hfctoij 

Hypcne Physic*! Tpstnlttg 

lavish Corapantiui 
(40 to SO per rat <^uKiX»n) 

Fdurfl Yar {jirti koif) 

Stop trixtiit Belated Tnule Subjects 

(50 pci cent ikop-™i) 

E*gliifi MatbcfflMJCJ 

Prilir^ Dftj'ffl Hygiene 

PhyairtJ Tnishg 
(id per rend dHpwm) 

Fwrtfc Ym {Ktrond Stf/) 

ltf ipprcrtire eaten Uk trwk A itwnl of ]hi work ii kept Hu 
fttsti become* t put of the renlpktc ta/k record of Uk boy, 

SHORT UNIT COURSES 

(To Hipplement p*#t 36) 

tfjftr cwnn shnld U very gpwfr. To Plostnt#: A none 
fa my bruch of wtlon usuiiifsL-tiirc should nut bv simply folton 
uiDuTutiiR, fait dmded into ilhiI" u follows 

CcrdtMf md Spfnniitj Dspsrfmfflf 1 
PtdbfT Uhl Gtfdfag— BM J *sr t twoevnbtff t nek. 

CJoaitfag^oM jreir, two emit# i wstk. 

Diuriniud Romiii Frame*—on* yew, twowenfagu wwh. 

Hfag BpfmMg jhI Hriitfai;—□&'■ ye&r, two evening! t w«L 
Mnta Spinning— cm yrer, two evenings tweet. 

Cattm unpling — uk torn, two evtfmgi * week. 

AAvnccd frlculfltio&n Ui Cmfisg tnd Spuming — one yw, ods erafaf 
i «k. 


Frjrm Cfame of Study, Stafford Dntfre Tatik School, All Rtw, 




AFPEmX 


HJ 


WWnp Oftd PHpaHtian IkporitmU 
flpwlioftffarpbf udSluiinff-one tom, fro emiaii t rale, 
Eton ItfttflHfliodFmEi!—umeynr. fro rmliifti * 

Fkitfy Waving ud Fln^— me yau f two everaop t w«t 
Wwiig ud Flxteg (Frndb ClwJ— omjw, t*orvnvpi whL 
WwiBjwjl FWt| {flwtngjtif CkH)^ane jetf, two rtcritfi i ww fa. 
Aiyioced uklikkw in WetLviflg— mu? yw, on« etewog a tr^ek, 

Itojtertntfltl 

Eksnbry Daqpijv n&d doth Caninittun— eoe yw, three tw- 


Adwoed Dnipnii* ud Cloth CatUtntdiuq — one ynrr. three tventjip 

i mc^L 

faqurd Daiguil*—on* y«i, hn tvccmgi * weefc- 

Jfitfriiy Dtjurlmemt 

SpedttlKniltmg—me jar. fro tveninp meek. 


Smillcr Hnits i»«y be fanned u fallowa: 

Ulffr CaOSBG ON tfOTOfiS AND CofiHATOUfl IN nra Electizcal 
Tube TT-trs Datbo 

Ju. Sth, Lww 1 


QtpintttiQaaf A* GeBnaln- 
phuftioQDf topia.m the lutijjk, 

Jhd LOth. Lana H, 

MigKlifliL FecuiKiit ltd rite* 
tro-mognrfr 

Jui ltti. LuonlU. 
ftfosphsof wtowid 
Biilci of thumb. 

Jin. 17th Lcwt JV 
EWtfksl onifr 
1. Volt, inpent witt. ohn 
I. Ohm'i kwr 
Ju- LftL Leiion V. 

Dinct numt Dioton. 

Ju Utl. Latin Vl 

Afanuthg eotmt wton. 

1. BtjjjfUptut 

t V^pIlHtL 


JuJI LqsOqVIl. 

AfeHuijDff oimt&t uoton 

(iW tiRHtf}. 

Jjui ^15* LmoaVrir 
Mtlor troubles 
L Direct otuwct 

(a) Location. 

(b) Hemcdifl. 

Frit *d Lnwt IX. 

Muted- IfOllbifcfl. 

(, .MLcniting norrml . 
fa] Lmtnn 
tb> EtaxdiEj. 

Feb TtL LamiX 
llotof ipplu^tion. 

Frit. 9fr Iflwo XT, 

Motor jipp] Kitten (Nwfiitmf). 

VA. I«1 Ltmrm 

Biota wiring. 



*M APPENDIX 

Gmoj or Uktt Cofsaid ran Cixtamea 

Court? I- Htw* fcimin* 

a. Rued or balk»n Fruw coutrurtiot 

b. Fnnins J«$ti titxmd dimiiE? itiir ud Other optiiap 

Came II. Hoof nutnictioa r- 1 

«- Kaunas length of 

l. UifU 3 CoTuim 

* YiflfjH 1 Jtckf 

)h Sted aqusK orgnpfaic urtbgd 

c. Booh over boji 

CornUX Sfur-tnuktiDg 

L Hot to kj 1 out ritoiy rod i Wuriiiy itiUn 

b Pitch bond g fjtpen and dowd itijn 

f. PWtportnmoa ti«dfl nod riwm 1 Nrwllfd *Uin 

d. Rough alar Btiinan i llod'frfiaf 

b YM™ ftain ] Spuufrd 

Count IT. Luidetiub 

i Door ud window coutrurliou d Corilnctioii ef uuaHdi 
b ’fflfljrftrotling e ConitnKAiantf duudoarti 

o. dow* 

Gaocr of Unit Cotnm* is Diuwt^o for Cmcrrm 
Com t. fflun-priDt re*djp;i 

a* DetaJ itetctina li. MLag of ruimn] 

Count 11, fuJI-^te detail fsjoirl Tor mill fork 

Note. — Tlui work will k raifbn] Iq inaido Gnbh. 

ThtfoDowini point? will tHiwmdj 

a. BwshI enlioax t. Cl™ dwti 

U MubcU d flttir wufc 

Com HI, On wing ud truing far nrpntrn 
Noifc—TI bi raun( b lateaiiftl to ten eh uiptutm bow to nnk daw- 
kp for ttnr en i» in tk lend*, Itiril com the faLowiia pointac 

A. SemlII itruOtHRl b. AltmLioaS 

1. Gimp* 1. Addition! 


1 Stnt* tad offin inti 





APPENDIX 

Soort Usn Cotnwa w Fran Curan^LutiiKi 

t. Driftings Uw to make TwJdug rinvingi. Um nf ink dmiringi. 

Gamete ippliad to nood-mor* 

1 Jjtj Ln0 ant ndi. Their ohjert Preparation of eulting lirt* 

SL Uoddqp uul tt«r ippljatioiL 

t Mitering Aid halving of angki Mitering of curved and rtraifbt 
moulding Melamed artifld annual luglw 

I. Vmwioa. fwnlim of puundi. Venn-ring with cjojk; \umt* 
HHtbad. Trcaimmt of vmmi VenKfiug dop'd nvkii TV) 
indy lorlobe bEkU treatment of ocUdbid and metal plaj* Making 
of faty It omiar %wlt. 

I General raoAiiufdon of fine entim* wtA, including: aideboudn 
dmhg-teUei. gate-ley: taUn> crater tablet, rtctiouaJ bookmen, 
bureau*, Tolhcp d«kj» wnUng-ubks, tide* abtUCti* corner rabbeti, 
nfddftbtat bcdrtwb 
T ftlicmcun. Air-liffrl ooDitiuctioai 

&. Griffs of architecture Uimruigni of Ike ekntc ordai of trekitec- 
tme applied to nliiictanrfc. 

D Pawliny Construction and firing of paneling, 
to Stjlm rhrjictffiitin of En|][st uu) fYeneb itjln. jkifihli 
drtails for av& pmod. 

Ujjtt OonBHBa [n Machine-S n of Practice 

Cm™ I, Miking Eti 

*- Stnitfil-liGn fit c. Tight uulruiaing fit 

b. Straight-turn St d Shri* ud Earn St 

Count IL JkmKtttbg 
A. V-ihrad d, Grinding look 

b- Square thread e Setting tools 

e. Acme thread f t'tbweogeinsndniiiiipfiditioDQtmtddu 

CtouncHL Latte-work 

i Uttewtjdt Ot tDol mikiQg 

b Making of tops, rnutifl* and cuttai 

c, U* ef tte taper, lmdting ofl and Ittering itlttkwut 

Ccrurt* IV. Milling Macfcmt 
i. Spin] work on rutt«*n b. Bevel paring 

Count V. Gcfltnl nulling maddne work 
l Tap* c- Cutton 

b. Rwuh d. U« of dividing bad 
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Corn VL Uarmul griding 

i_ I UTuflrug of mocticu c, Erionilpfodtaf 

ft tatanal giudhig <t Surface grudint 


QaxYll Shop uritfauttic far mctoiito 


a. Pulley (peed and d®« 

b. Gear speed) 

c. Simple gov Infos 
d» Osnpoitnd pariajt 

f. Cutting iperii of lathe 


f. CutEb| ipetdi of plan 

g, Gauge jean for mr timtd 
outing 

b Tips turning 
i. Indadqg 


CouKim DJu^prwt reading Jot mwhialjtJ 
■ Skip jfcdching c. CbmaiftioiiiJ. method) 

ft Aualyiin of uHuti)' dftwieg 


TRADE EXTENSION CGUBSE IN ELECIBICTTV 


Divided into units — 

£«ch unit U inducted U ice a wait (or d^tit »eeb, 
L Electricity mud tu^lcIIjuil 
ft Batteries. 

S Bl^prtnt rttuljng and droving f« electricians 
i. Electrical dprult*. 

I. Diwl current generotoM, 
ft Direct current'soton. 

T. Inside firing Ter light and power. 

&. Mden and meter toting, 
ft Power plant operation. 

1ft Alternating current geneittom, 

II. Transformer*. 

13. Alternating current moton. 

Four couna can Ik carried on at one time. 


Emit Counra m Thule Dnunr 
(IfcJyrice Yorttoml 9cW) 


Gomel. Stock 
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Cornell. foftutJoo 

l Uae ot deafatu b. Coutnetion of & AnAtwi vwo 
paper wetTa 

Chine EL Twill weavn 

a- fU^uJarViill mm b, ESectof color oo plain and twill ww« 
Cod* IV. C(Jcjlst»nj for yarn 

l Cotton b. Spun silk r. Wool aod wonted 

Course V, Fanrj twill i«gvi&—IWiirtiwiaiid drafting of weava 
l RKlodDg wnvcH h Drawing in ilmlti c Blancs chain draft* 
Count VL Fabric analysis 
l doth nlcuktioos 

Warp preptnfinn and weaving wiR bp up a ](h work in tortile dnigl 

u a Duui of drratfitntiutf and iJui elnpipg rndnuctiuii in wait fofuiie 
tlOC 

I/xftii-jLriup 
1 Srtbaif-upof looou 
t, Lording of looms 
S Tfoing of loom parti 
4 Setting-up of plain tod f&nej wava 
t, Rnnpdj-iiut (WrcL'i io wwn( 

B, 

7 . L»ofiiiii( ic (racial * 

COTE COOBUB ui PlIHTMQ 

(EUcfyob Vocational Scion]) 

Cmpoiilm 

Cornu L Book owpoaition 

1. Iuati£calun i. Tabular work 

i Diviwmi of tanb 
& Fnwf-ttadur t multi 
4 Fuflpiptejndiiidmtta 

CcwmIL Speekl comped bon 
A. Nwpqn adnrtbiag 
R Book ami job mdftftiiog 

BrtlM and* tkkclK prosmsn, bookJtf* tftfepif*, letter- 


a Two or more wbmms justified 
b. With rules sod boi beuh 
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Count 11 L Inpovitian 

■ r for jobpiw Pipe lid ratdbotrd b pvitiiifl 

h. FbrqdiBderpnv Finkti 

£br gpi> Hfiifer Weak 

Hand ud muhine fabfe AdipLabflit^ 

TndcCuitoini* " 

Cccw [V. Eitiutinj 

a. Tbf iiudrndufll jqAi b. Composition^ proM-woifc 

Cubajj up top* Libor 

Co«t d (omposkiDa Pnxiiietiveaul nopcgductire tint 

Cortcdprnwporii Super, Birm 

Cost rf binding Tutptol k bnalmetk 

Cost of flipping Uepwriotium 

Coit d dork Lattiniui 1 

IVofll CflBrrat 

Coats in drtitl 'JVkplioof. r«it» ttt 

hen-t (wi 

Ojtmel. ft*»feedio* 

1. IIindliDjipoper 9. Effing wlsr on job 

!. Laying printed sheets 

Count II EkmcnUr prose-sroi 
1 C&teWni; up 9. Futtini on ovnliy 

9 Marking out I. Putting on uadtrby 

Coonr III. AdcMurd pn&wotk 

1. Aliking platei typo-b^b t. Hew to phot* out (fftrky 

1. Cutting overltfn 

Count IV Pitaling-inki 
], biking rolnrt 

*, Viliflt ink^ ufe l*u<t *ui!d to difftreut itorfi 
0, TO™ and 1 n« to use Tanufiua, drjm and nducai 

Count V EmbcMing 

1. Haw to nuke ndy 9. KalMMUHwUiod 

9. Wu method 1- GLmnwtbod 

Hteui E^omEEanro Coomstn 
(CTolytikc Vocations] Sttool) 

CadW I BoUm wd Aocghki 
1. Tobw 
B«d» 


Dtt sbeot 
Settings 
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HI 


t Qdhui in Iqh 
Gntei 

Coatfadulioo ckcik 
Back HHuuecttHs 
Firt bricki ttui tbcii me 

* - 

9. Pimaco aioulla 
Blow-off pipa 
Nonlo 
Iliud-lmlw 
Mm-bohi 
Bcun 

4. Cbttt-TilrtB 

EWhk plu/s 
Surety-values 
Witer cohnA 

i. wnl bfcfftfn 

I^jecton 

Inspirit*! 

Cornell. 

1. Uritmg ijitra 
l Direct 
b Jurfinrl 
c. ThiMdkI Bjsim 

& Fml t-at-fr total 
l Open total 
U t'fowd totot 
o. EDoramiEen 

& Stock tli* pawper ah Tor Jif- 
^ ferent capacity 

4. CimiIit»Ti of rttim 
l ErtaratWi 
b, Apv«lva 

CorneUL 

1, ftem mpnei 
iSflfcvahw 
b Ctftonriioii of 
C. Eccentric 
dSdtBvvaln 



G (Wwctiag bttfrfa in better™ 
HmdainB of Em 
Steun&iUtt 

7 SUtm traps ind ttcfr mn 
Flow to tiie nh of tbe& 

B Reducing valves 
Huiouipiu boden 
Scduornl mjU il* sled 

0 J’VjrApa—cue ud opflHtum 

or S31W 

Boiler rtunpouBil 
Seal* icd ita dTtela 

10 1’pricbt hsilcn 
Water tuhm 

Construct™ of different typei 


t Ertiwi in halm, its must ind 
how to mrwfr 
To Ifly up for nnumtl- 
0 lifKOibbon»il« nd rrdtmi 
Pruning in Inikn—Ikwtopo- 

VWlt 

7. Return pump* 

ReflHTCH 
B. Drift 

i Natuhl 
b Forced 
r Induction 
0. Hot-wihr HTfUm 

Double ami tia^pjpt grien 

i Omnnfioc 

t Condmction of 
h. Rrttina vilvn 
a PutDiurqfpK 

a. CctosTructkiftof 

b, Settle vihd 





4 FUdtoriatfH 
t CuutPKtiuLdf 
b, Vafactting 
JtCUin'nfra 
t Coultuction of 
b. Settiiaf val-Hs 
fl, Engine patou 

a. Conslnctian of dtff-ereat 
Ina 

X. Different typti of conanting 

ndndi 

& Engine gOTfmOli 

*. Tbrttk fljflanflrt 


b, CtariMpmttn 
o. batk 
<L DwNbeel 
& ltodnq 
l Vstia] 

b. Hatnontil 

c. Mbwd [milrf 

d. EUttrtkm 

e. Impcfca ud metal 
tl'KS 

Uk WWip»i 

l Ccaaburtko of 
b. Ho* to « 


I. MitiKmitLcmiftfijiJiea to Bfruu eDgnrnrng 

Bttditig todcOivinliDfi hme-pciref of rndimtor divan 
|. Coeiputinjt ntpoHitian of liter From indicator iliignun 
3. Hitin imd (ipuiioa of rtfljn incjlhdn 

4 EgurniBii»orHblj-vilvHfoTdifl(^[aTiniRSudfnU 

X Effidemy ol diffierwit kinJi ot boiler j«Ata 

II. FwtmrfovjtpcMtiim 

1. Speed of fffdoc gOTCfDOf I 

3, Basting ud mfe taking premie of bmlrri 

4, Binge of cubot of diffluent types or eupna 
10. Ttmuoof Anikin ita^tn^epiidrtc 


Unit Counus for Srcui Enhhhehii ihd Fiukem 

[Hoodie Toettian] School) 

CoqkL Holkn 
t CQmtrosUor of (Efferent tjpei 
b. fining efflctow at jtitii 
h Hitcingud rtnpng 

d, Ascertaining bursting ind nfc imkiv prepare 

GnowIL BkdJwacwmi 
t Aid pnspi d Boiler mpodl 

L Atd piping 
i Feed water baton 


(l Seek tad itiffeoti 



AMQflMX 


CbmaaQl 

A. All nfopmoii 

l Coutnctuni utd voridugof 

B. Huh lUdMlin toga* 

u Ccniltrjction wd lwking of t Govrmlef 

b Y«tyt jetting d. Indicating 

Com* IV, Corliis and nptomaJlfc: fflgintt 
t Cootnidwn tnd wotkingol r- Indicating and ceroptrtiflg 

typa ib Ifocw>powiT 

b. VJtc idling “ goTeraing 

Gm*V 

A. Stein piping 

L Ho* locate! c- Covering o( 

b Efaring for certain »or|t d. Leu from raiM™ 

B. Steam tups 

u When located b. CooitruttiH tf 

EVENING RECREATIONAL WORK fOR B0Y3 

[To luppkuait par flfl) 

BecrtilkJi snd pIi.TiWL education 
u Paternal hygit* 

I. Shower b&thi 
b Athletic 

1. Eingtoei *, Yofley-balJ 6. Baalcet-baS 

1 Ting J. Hud-bdl t 7^ DiUutit wm 

j, PurtnU 
■, HabfopuDM 

]. Cbocben (* dies*, etc. 

MANUAL TRAINING 

{New York State Department of Education) 

(TcmippleiDtDL pap ]Bl) 

SetchthYub 

Sugp4ati Obffuw /or im*ri jA wed 

Tnjtdt 


1, Necktie nclt 
l T square 
& During botid 


f Towel toller 
J. Broom bolder 
fl. QittuA 



mrntax 


84 


7. Booktftck 

ll Hufubeiui 

ft. Bbotbn 

11 Nfptivt wk 

1 low 

14 Printing/run* 

10 SMviKtf bolder 

17, Juduriinilnd 

11. WHteUilet 

HTUirttl 

11 Flow baa 

14 Fovtrinol 

11 ftdalieln* 

20. ad A 1 


Wad i 


Mitopmy 

thk 

M'bitnoiid 

Aob 

Butternut 

Cbdbmt 

IU 

G unwind 

SytiifiMt 


OjvroJfrni 

following pnMw wilJ be (wwdnvl in wiiqg tbt 

l Mourning 

11. fihnng 

f. Lining 

ie Vailing 

9. Fludng 

1,1 Scrcwijtg 

* r Squiring 

14 Varnishing 

ft. Gaging 

IS SMheiing 

6. Sewing 

10 Scnping 

7. (jbbHing 

17. Siaiidpji|WTWg 

B. Baring 

IS StUDiHf 

9 GfiHglCg H 

10 SfaiTpwiqg tqoli 

10. Vavata pinning 

10 Grinding 


1. fleninfftny 
L Medicine 

4, Untniknd 
a. Clotba net 


Ekhtb^Yeai 

Projtds 

11. IVMwv rind 
M. lUqibrae ctaifor dnol 
11 boobidc 

U Umj Kitfit 

ltf. VrotUmH) 


7, Cbrir 

9. Dak 
9. Bode 

10. T*U* 


17, HiDhit 
11 Sttrnktfi 
11 Ska 

Hi Vitfou Rftkta wd b Ktkn 



iWENDlX 


He 


Ain wort wbkb iovolrta repniririfl uul "fifing" about the home: 
]. Stating gU* 0 Mskbjj window tcnos 

L Mating furniture j™ti 7. iltiinf piuu gilt 

A Mating rtiir btdis Had mb 8, Unking kcyi from btanki 
A Deputing prcih «lc. &► Jinking chicken coop 

S. WiKni^kctric beHa 10. AI^dk bender 

^ 11. Making incubator 


Woods 


Pul* 

Mahogany 

Oti 

Wiitc uowl (poplar) 

Aib 

ItmJi 

Gumwood 

fymmoK 

Cbntuut 

tikek wilnut 

Bottmmt 



Opmrfmi 

hbcttH ftQI be similar to the* of the HntuLb grade with the fallowing 


1. Rabbeting 
t. Clmnptng 
A DowHuig 
4. Benrfin* 

A Jointing 
A Splilrfini 


7 films setting 

$ Wiring 
0 rbintbt 
10 

1L. Cuing 


HOW TO START TRAINING IN A FACTORY 

(fa developed in the Curtiss tervirknc Comps^-. TluffiH New York, tut 
«Hilinble to any iqJmtrj., by Flank L Glynn) 


Survey of plant by 
Conference 
Gene til manager 
But man^r 
Assistant phut mlnaffr 

Drilldown from pay-roll duming rcktive lapartum pt dmrbnarti 


Director of training 
Eeportatn 

Gaetil manager u to ]»lw 

Hut monger ud uahtnnt ii to openttn 



m 


tmxm 


L 5cpwt*to4HcqlKlifyKlniUmx aOOfst 

For tbe loottJnCi ofntbidivitiauandd vedlHbflHgbt togetbb 
ll j Hpuate bimiuf mat 

1 BepanUfiwqiHendqiutaiiin^ Ibt tniifag its *ftl& bdboi 
be kept fa department. 

9. “Tigging" d muhim! or other Acp unitfl tor tndrrtin Jfcrtttlation 
vba it ii nectMUT to dietfibute kbod tbnusbnt department and 

bro bstJwbf ciieuliter 

Not*; Vat tetter ractkort require* nvti a mire definite rotatral fsj 
tbi i nfrlng dlnTtor ttmn the other twe^ *i Iht totafafhfeiitHICftiiiii 
JllifceJytobtkattaJimpe/tamt berofijeinngEkJjojk, Hiinell»d 
Ji but adibftoiy ud should be mortal to oily ii nceptmnii 


fprfpMnf 

The cqulpant wu Iruuiemd from tie regular production dtpatfnKUi 
to the Inning JeptrUnent 

$a(fi At first them il hkdv to Ijt Qbjfltirm to tfaca on |b& paft ftps* 
fotemtabuidfaKiuni tn.iL it -i.nn nadiijr be sun that michinHudappti- 
uniiqvri&l/iinrutedby [bcmoir,Viniy UsdcTtbe mouj method of bndplgg 
in bet 

Nb difficulty* bcnnv* of lit* wrt «m evperi/ixtd, h Uwk in the 
Coitit Gompuy fostered ud helped the ectehliabiKit ol the mb fa 

«jfty ny. 


DrjKtrinttit of fnitiiwf 

Sott; Tfc» EocUttcd feo *4 wet to *wk Accodfag to tb* Mttteof lb 

production nuager based on dnclopwirtM dunga in pmdoetiDfir 
Eiffc mutb, bawei'tT, the employment office fonUrd Oh tnfafag 
dopaitoeiit wib on estimate of tic Mp which wndd pnbakfy be recalled 
fat tbe t*o wui$ man tbs. 

T UrJbmed * bant for tfu tranfaj Htpariwtai to ttfi «, ai At Ms mqtai 
an! tW tf fnretijf to it ffflpAsrtiffll dn/fttg HU1 ptrwd* ud nwfari Uteif 
vile mptyiieBl tfftt (irrij flu frsrtmf departnbt on & 4 w for Wy> 
•ad the anf%a»ot wti only too [dewed to ttfrxnto io vmj 


Tbedepartrab irbcdt bn beu optative tium iu av 


J. Macfcfaerrarfc 



Hud teed 
taw fad 


fliiiig 

SfagteiM t 

Double qnffia 








Ltti* 

Hu! 

Hufcne 

tr DnU grinding 

i Toolcrb 

I. Cnide*«i 
htftviC 

fiftsag 
Dipping 

n ii ■ . 

EnHlDi 

Sheet nxtil 
BLvftiuir 
SoUaing 

T. PrtjffiTanwfc 
Shapbg 
Tippbs 
Biu 

ftjprfnflrioi rtWfat* 

1. ffltjfopnraftffa 

Kfptthr Inuudog depertiKiit EIH loili npnritj,ibni ihttrihrd 
people frwii tfc tminim Jq*rtpi«it, rlwod them on prodortiw id 
the fata? fat whMi tlicy ™ trained. sinl nuintuned d* dl% 
cOfcUct niUi the training department through ochuip af daity 
itportL 

[t ia Densely fcf (be tmrpJcryaienloflieeto ft«j (Ar trotnm# depart* 
ftnrwfvuo. 

A Tuat'ltnfix? 

The mad of ittrtfcWe, pmxlwiJity* ud tine of al pram in 
tnttng w reported dajj to phot mAiw^tr and bAuil&tf dirtctor by 
the rrgulir time derk. 

& jtann&f 

Rtodend to tin traunu dinstor awtUy rgortu to Aft of al¬ 
oft trptttf), nagarf Icuiet^ itutfuetioD, mpervWn and utmn- 
Vnti«. 

Neb: A mi pie Ant of *etkJj iq#rt may be found berwitin page 

ttt. 

L lintgumt 

IV tainfcf dlmtor Entitled t dWfy and leddy report to the 
nmgmat nmnnifiiig openlion of biung dtyattMAt 
bg Dauber netitfi injected promoted ntunei ud entire <&*• 
mting cent of deputmub 
Q|HihDn 
t hutntlan 

TV Vttttttn mn prrfddjJj thw taken fnnn the *did pr> 


Copper 

Line* 

9. Acetylene and otbv pu 

Wilding 
II mint 
SoUtfisg 
I. Woodworking 

■7j„j -i-.il. 
hTuiil Trail 

But work 
Kindiwh 
WinglW 

10. [toping 

11. Flos! King hsenlify 
IK. taring 

find covering 
Pew ondiiu 
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tcKberittiirfiif t*J eip erw a ce fa teaching actiritia doaiy related 
to ttiB Curtiss woric. They rare enpfcjcd hy li* training deport* 
inffit end bit put -on production until they rare tWoughty 
with the work, wta timy rare Ukea orcr for actual initraetico. 

It *«■ fotiai that tbflr an* rf production ftis tow apd ihtt ih^ 
■fpochnl Iniaing bignty from id academic iwinHbF vie*—that 
they taught raort of Ibe HnutzuctioiL id fiber 1hon of pratl, and ip- 
pmtebed the problem an "prittep tjainir^ And tdoadum eul tf prods*' 
f»V' rather than setting ^prtditfiwtt Mtftminmy" 

It in (taragly recommended that Uue bum* pru-tiral tjpa of prawn 
be anpkgtid* with fWrtriy aperenrea* ■ background ^ providing, 
ofarantk,lMl beor ibei* amenable la RJfgorfiCB,Iw the proper 
peat cf vim, pmcmalily ami ability to not cnly "(tori/j#V h bet 
■bo 11 lo HnpFt Qa itjannatiow " aad ^tninehe ih mj-jtoy, 

We focix! 00 difficulty fit findiitf an mb^Hd^hanf-of funded 
BwCrwriort eruptem! in the vm-arim ibojwcn an hourly base. They 
the nreplional ixnani ami (wmiiwnlhr ra im nuttabo i* 
judgmoit Fw instfljirT, *e ftiuml tli&t a graduate of a foHDMt 
techuVd coBegr. *]li> an nwllral jirodurer, larked truhing 
ability. aHHumUj' fmluRveffa* ta r]o the mork of ten people instead 
of having the tee pattmi <k> it muter lAitrartiotk likewise. another 
operative. 11:! nmpioj'Kl a? mrtnutor u|nn tbc bigti iHommendalMn 
cf storeman who wanted |o pet nd of hint and disliked to tike him 
bvkemi h 0 workman 

Tbc* rare exceptional nun and im quickly maeilW by the 
iclKtion of other operative] who uorr than made uwd. 

Tliedifficulty fenurt with Sartctirten but nfthofttunjqg director! 
ftr oripn*I layent of pkm end orocnaboe which can be done in 
from one to three day* with the rater feseml ifrrrafwn left la the pro¬ 
duction manager of Ibe fncton 1 avl the opfmftnu of the tnidhig de¬ 
partment to Ok foalmctnH *Vfiyl from the regular factory fon* 

1 Aefaraer 

' Ha leaner Ii lnken b horn the aapJoyoyEit office, taught the 
activity far which he is bevt fitted, and promoted to the jxodbtiot 
Soar by the wn^cymept office- 

1 Itbhljg%arfviaaUetoTtfapcnMiafdtat^pltyrifitOrAeflfti 
to the Ffrat Aid department hr phywol trariiiintgn h be one tied 
the pendi ie phyiirtJly »Uptn| to the work for which he would Kka 
(a be tubed. 

I, Lwtbefdav 

lie lc%th rf day it the •»« a* that cf the rirtnrj UefK- 
4, Ted* srd 

’■ Ihntodie^eqpvae^iEeidaftjalwiththaBiiiedulheAeUiy 
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flue urtMi of coorinettan and open lira b* Iha arune m to tb 
heinjr production. 

(k iW*t 

laftructigoi ii obtained fmn (V rejptbf pttdtiftwti of the factory 
forwtbfa the operative iabnntftrainnd. TW should ht do pretiu- 
huij "raRntioo'' or^Kymtolic 1 ' wotl h although jatoge'parti ray 
belied to advantage ab a ^LMMiui in rtbea# hio(h tbeiutoj* 
H«wticfii*]pt»Ji|clory to thr training roam as in acclyiew welding. 


wage rate. in training tfepartaicnl. nntl the "iroibctiqfn'* wap rut* 
■ter profflotiocK 

So long tu the korncr bum tint the ww ret? will be inenued 

■utoDaticsUi' HJWrt jirmiiotfnn, and that ^rftmrieon (kpOfidfl npoi 

h rtimitij; up to pioductiw^ 1 " then jutt m much wid the tnrmitij pend 
he riuwitntil and the ,l pr>ditftkHi &ll" acquired Ibb dnniiuin *U 
need of discipline 

[fae lufftin ii the imporiocKp of the nutructors "prdnetm huh" 
bitM rifled 

Emf Ttufrucfcr Atodd dm be a MDlun. 
frnunal rtlaJiwi* 

Thb rained many adjustments and b of lopmne lignifkaiitt to 
those who ccmterapifltc ([h? inJuttiw d women into manuhctoriL|. 

These reUtkHh nny he summed jtp n follow*; 

I. Fermat Mttj&ritm 

Tfab required a woman isperrim nth a Jutiot# and ftwfiidw* 
poktot vkw> 

f. 

Uniform! It ns found Lint t “two-piece' 1 plhwbL with complet# 
wibt *W moit- satiaFiHitory Jt ran be mult in any tartoty aj that 
' bwim butte* to mist Tratwn should lx Ml end hive null ehi* 
tHrbuds to (It at top of show m jmJJe h thereby ratings, pud “bang" 
Instead of tUffltaj them op and taring them topping dawn contmu- 
*Ey, Tbenbtd»oiildl*veelotfr41ttjnn weir. which tan fc* turned 
under nd left open or buttoned, and half iktra, imperial ilcmi 
■krill be provided fur welders, Inxna, and others engaged in sfaiitu 
cpetiticnu iavolvinj; L*scni f nlufli may bnttci on abort deevn, By 
bavins a tao-piee* aoH It Is imw***!? for a wornm to fundih lire 
ihirt-waiit- Immediately tills invohiHMjf ittyprjftani^k&jtavUb 
ilimirdei. Tie two-pkio ult dwenalfa (be uniform dqurfment 
tojtf mt\ haftd At tut to fin- $rrt iwteod d fo pM to tie nuiif. 

Ibe first ulform, coaling ibout ltH) h b provided hj the ctwpaaf 
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wfcbod <btp md «apbwwat mode tfatd uriuui), but If tb 

cnpijyw waoti trn uniform anxt, it*D tb*cC*J ou u jumped 
it dubale o«L 

flbi On employ# tam tb unfa of Ibe coopuj, Duo i m* 

lOsa mat be returned befcw tb mpfoyst iMra he* cmjiijnmt 
ttkw4p r e 

Gipi wftbntber hod [dbtb for cooler mlber udtitt hi nnuBtr) 
ibeuli be funu^iAj wilt tut inform 

Tii* ii t icy wijwrifflu 1 eifHuUy far M il *Qomi 
tilr ii like^ to ntcfc in moving nudiivT^ evoi n aufl nstot bud 
foUL Baidu, tlb dibinita nub diStalt; istbbaiutf othd- 
™ ben me looMied ud wnitutly in tin mv of lie bdiridud. 

Aproui « ptovjfod for such Mivitia as nay ml tbe miTcra 
vpidlr ffrpftn*aen(t^ —a rubbnoid tpnjn in Uk nudfoeshofs for 

trirnw 

GWa lib to wut Jdlfc tby±m& pud bfcbbH du# w iippert 

Tbe itotirag Aould be of cotton ud be Anti bin loir heels, 
Otbmisetheemployee %'& become [pwtlj 1 fatigued* utbe high bed 
plocOfl ibe My in An uOtHlnnl portion Anil ant Quuwl »Pfk 10 
AijvuiA$e standing. Thu iu tbe ciluc of cam? nooen luting \o 
bugs cm to a " sitting job. 1 ' 

Wearing of jciflry It not permitted. 

SI tm*wm 

Etdi kzet fopntoint ta fo rwt’ttcm for ito tmcfaH* wkh t 

qM»o in charge. 

Adriaen k by ipodil psn from tbfortlidj, Ibr pKpttiCflnktHiL 

It Ii best to bvfl imol aud noun 3n A luge factory »lWthu 
u more convenient in u enKgeucy ud tlu pieventing a great 
(fed of tuderiig araufiJ be plut which otbrai* mraJd develop 

■id cum & witeof ilw ud anfuabo. ] 

l ittU ftnn^ 

Eufa fault tctpdoy* \i alkwcd t nfeperiod of not in ihia 
fifteen nriurta «d morning tod end afteoc™. 

ft JfantiflftffnhF 

Tthleprtrrlded bydmUpghxmtiliu Iotbmnur nHDthtb 
oiler li bod tj hiving tb f»3 pipe Mod in the bottom of aflmrj 
woofottf met*] lined boms b which ice is pitted, 

ft fubbso 

~ HhlbpiiEdQeoftbbd^obtfMotftbbeAnDdlfltoiBVf 
it fart bt iiqA tfift oofoei or riJk rt tb bod bur 

In an cbm luge lutnnmta «r provided ud the kiidi bdr of 
tb nMO °ttsgj®fd w with tint of tic matt u tbt tby (It lepi- 
ntdy or "utiggercd" by deputmafti. 

In otfia cam^''cDteco" rtudi *tt food b mba rntbn rf (At 
f*ct«7 wtm imke fa |!tcji In >el|ag vtiiwu kinds d fooft *tp. 
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ft if tfwaya tat to bite one of thue tor no nd aaotbu for 

A unary graft pambBe of women on entering bdwtry m doing 
n with little prnimi factory experience, if my, 

Cutout attention u to nfety ud auitetioa tout be gtoen kj u 
to bite tit nntiotoR toil tb*t tbe medial department or nearby 
kaprtsl Mmpftiv pfiyaciaa u a Fird Unitor tbua Lad 4ii. 

A iCfkteh fan ine wire way cam* blood poiaon equally with * 
we tubus injury. 

Evnj dbrt nlirt be tmole Lo acquaint tie gull and women of 
tk Ufge bhtkc Hue Font Aid on tender. 

d £*¥ H&ftfMi 

Im many fedoria wa difloulltel hate trim and tended to dtttar 
production. 

Ii tb* wmbeb. ire property inducted into bdurirL 1 tbrdogb training, 
property mpendaed by a matron on tie production floora, property 
dned ii t lmifarto gaits oil dificultiei auttramtioilly dirippetr 

Cattail 

Tla operating rapacity of ibe entire training departmint ti tn 
hundred md fifty pff»u at one tlm Tie taming will turn over 
about once a week m an avErage Huh providing brdnai wafers at 
tie rite d 10.000 1 year or k» ai tbrfietHT needi 

Content thb with h mulittai found in one of our lugat platfi 
where tbe factory needed tao ibouaand trained fcoifenamotnihuid 
tie training department wu producing only at the rain of 100 a 
month- 

Tie Codas wcoopliitment atowa Hut a large atoptbmivi 
ptan ad atrrice b readily feasible if tody lie factory towtognat 
iuktaupourt 

ffeftife 

lie rau] Hutsm and tradition of operation schools u n wfaok 
b on in ipinpal Btuii witl iO instructor* contracted tor on an raw! 
■alary. 

Hn ctftditiww must be eutrrcty forgotten b htensive training 
of foctatf aorinra 

Thet*ri* dewodin aIminlng<lep*rtn*sitb Aw> 

tiu for training any operate for one week or two week* or suntfe 
It mnst bo nw^uaed npoa/mtoy nedi, 

fib meui that tbe tmtnctor can bm be taken bom tie depart- 
mantfa which tbs training b required and wbrofc quota of tamed 
peofb b filed the bstredor g»i luck on tbe regukr production 
floor and unite not only b producing but alb b fbOowtl| up tbe 
people trained i 
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TRAINING COURSES FOR VOCATIONAL TEACHERS 

Out of tha gnat problem Mtineded with vocational education 
il the systematic training of a sufficient number of iaitnifiton far 
tviating and proposed vocational bi-haols. 

A* Typ<£ of beBchrtfl required rn day iiHlustruJ school. 

1. Shop t&eber — to give shop pcartice. 

fi. Technical t vac her—to give related trade knowledge 
for industrial intelligence. 

3. Academic tefteher —to give general educaf Lon. 

B. Fbrt-ttme or continuation school. 

1. Technical teacher. 

4. Shop teacher (sometimes). 

C. Evening trade or industrial school, 

1. Shop teacher. 

4. Technical teacher. 

(TTk: and technical inslnutora arc the twben that gin 

Instruction wLich direc% irnpmws the efficiency ollhertudtat in 
his trade, aod arc *pohrn of as vocational teacher*. The academic 
teachers arc erratic red as nmi-vocational teacher*.) 

Eiptricnee shows that the academic or non-vocationsl teacher 
hu a definite place in the organization ^ a full-tiiuc day industrial 
school, hut not in the part-time nr continuation or evening indnfr 
trial dassn. Pupils in a < ontinuation and CTtniug school have 
intensely practical alms in finding whod + and sic dot wiDing to 
study systematically thr ordinary acadAtiic subject* Thia in* 
itmdion must he imparled in in incidental way, as the need el 
ft appears; in teaching applied mathonatica, applied scienc*. etc. 

An analysis at vocational scIkkiU show* that any system few the 
training of teachers must provide for three distinct types: pligrp 
ttnehet, technical teacher, and academic teacher. 

A. Qnalifiations of the shop tearher. 

1. Age, *M0, 

1 Personality “ win the reject of boys. 

9> Trade bwvdedge know his trade as fully u a Journey* 

UHL 

I. Technical Icnowlrdgc of tir trade — command of dnww 
hg, mathematics, ami science of his trade. 

6, General education *- equivalent to at least an ekmaiu 
tvy-idud gnduationn 

h 
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6. Prihripla wA method* of teaching vwatioiifil dura¬ 
tion— that a, to understand Die Aim and purpoie u( 
ha work, and to know W to Undlc & das in the 
shop, etc. 

T Abtlity to train boys to Ik skilled worker*. 

B Qmliflcatkms of a tcchoiral teacher or tra^kt of related 

subjects, 

L Age, StHfl. 

t, FmoosJitp — win the respect of bops. 

3, Trad: bowtdge — npericnec and fordKarity with the 
proccssa of ihr trade, nich as will equip to teach the 
mathematics, science, or drawing underlying the trade, 

4 Technical knowledge—ability to teach the teduik&l 
subjects by prepaiaticm oi mot [ess than two years be¬ 
yond the highest grade be is to track. 

& Gtutral education — equivalent to a high school, 

4 ^ripfeaiulia^lH of temhii^reratigoal duration, 
bo as to understand the aim and purpose of his work 
and to know ltow to prepare and conduct classroom 
work. 

7. AhiLly to apply. £u a practical way. technical subjects 
to trad: problem. 

C, Qualifications of tk acadtmir or mo vocational teacher 

L Age„ SSJ-iO, 

1 Personality — win the respect of hoys, 

3. Trade knowblgr; 

a. Appreciate of iWitioiiHiiulprotdemfl of modern 
induin', 

k Knowledge of the more common tools and ma- 
china, 

c. Knowledge of Ik common trade proeweea carried 
on la the school. 

d. Natural nwhuiirat ability. 

e. Eaperinuf an a wigp'nraer, 

4 Technical knowledge. 

s, Applied sdenec. 

3. General education, 

a> Normal school or college. 

4 Trintipla and methods of teaching, 

a. Vocational education [technical subject*), 
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b Central education, 

(1) EhglUi. 

(1) Civics. 

(S) Economics. 

T. Ability to organize material ud teach tk nunc so u 
ft utfK8t the pupil and as tar as pwvMe Law it fiwc- 
tioif in the lifr of tin? pupil 

Any febemf foi lie training of t(HL-lirra should provide fccilitieH 
for thj training before ciLlrriuj! the bcttW mni for the training of 
teachers in the service. TLi* means at leant an evening oouree 
and a day nitre if pwahte. 

TIb Advantages of the day flwrm.' an?; 

1. Efficient training bwiuw? the pupil'* full time n given. 

2. Possible to buve eDOhiderabli' practice in nil types of 
vocational ickmln. 

Disadvantlges: 

1. Only aWc to rracbaf™ studenta—niH'haiiBsan not 
wilting to give up pwtiora. 

The advantages of cvcoiug courses: 

1. Fusible to reach a large number of Ptthasin without 
km of pay to tlient. 

2. Beach teachers already In On aervirc. 

D bad vantages: 

1, Unable to have pru'lief teaching in the (Uy tcboul 

Therefore the mod promising idan for Hir simp tradur* in the 
evening comae. A day course may he pn^'itlnl for tbc training of 
trdiniical and academic [ustriictLin. 

A training course of two years should \v provided I^r simp 
itarilnactnrHv evcnrapi; an evening course {two yearaj for tcrlmical 
and academic teachers* and a dny coune riuurtd also h* provided 
for technical and Mfttlemie teachers. 

Two Yims’ Ennmro Teuhing Coubsb to n Tiuoiem 
Gonna for shop instructors. 

Principle anil methods of teaching vocational uib- 


Jeeli. 60 boiva 

Industrial fcienwand mathemalics.GCi bourn 

Special methods and practice teaching (abop): 

Methods in shop iostnietirui art to be given fur 
each separate trade by a practical journeyman of 
the trade, wbq is an experienced trade teacher. HO hours 
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Count far technical fcutnuftm, 

Prraripke and methods of teaching vocational nj> 


isris . 

Industrial * and mathematics „ , r . 

. ttfcauH 

Special methods and practice leaching: 
Science hJiop and applied] 

Mathematics (shop and airplied) 

Diaoiog (thop and applied) . 

ft 

1 


Coarse for academic [noa-vocatinmil subjects) inrtriicircri: 
Principles qM Methods of teaching vncatrousl suit- 
jeda . . DO lion™ 

Industrial ncirace. .. 30 hours 

Sliup visits (different tradn 1o become fflmiJjiir «'jjh 

tools and appliances] . 30 lours 

Special methods and practice teaching: 

Rn gjipli 

Civics 

Hutorj. 60 hours 

EtmuNCE Rbqdxuhectb to Eraura TiutNiyo Cniffnai 
To he admitted to the training ctmise a person must poeam tlie 
foOmring qualifications: 

Slop hvtrurlw: 

Age—Not lm limn ^wenty-firo not more than thirty-five years 
of age, 

Trade experience ■— A minirmitf trade rtperiener of eight yean, 
three of ahich ninut lie equivalent to apprenticeship npnh 
en«' r 

Educational qualifications—Graduation from an dcmcltjuy 
h school or H* equivalent. 

Fencnality ■— Good physical condition and perwiwl chartcttf- 
iitki, 


Technical instructor 

Age—Not lea? than twenty-five nor more than thirtydfae 
years o! age. 

Trade eip«ieifcc — A minimum Uode experience of eight ye*n t 
thne of which zmu-t hr equivalent 1# apprenticeship experi¬ 
ence in ooa of tlm trades, under the trade experience of tha 
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slop Ltiilnirfnr, of a training in a trade. ui n technic*] vlwul. 
wOlgittreiuitfdep&itinchttf a scWthat will give the radium 
trial lad trade npcriewe which will edible Lha to tcarh tin 
related tnulc subject in surH a way a* to meet the needs of 
(vocafycal) the srorkcr in the tradrt taught in the schools, 
of the state or loral commnrirt^ 

Educational qualifications — Graduation fniu i high sdujiil. 
and a technical Iraraiog in sfvplwd mathematic through cal¬ 
culus; applied science through applied mcrliAihcs; applied 
elertrinty, applied rhemplr^ and drawing to the client of 
two years above the rttfatiuniil school. 

Pcisraality — Good physical condition, aud [^moual character. 
iitica. 

Academic instructor: 

Age — Not Ins than twenty-five nor mom' l!un thiity-fivc yean. 
Technical knowledge — A knew ledge of Industry and trade u a 
wagoner nr amateur mechanic, 

Educational qualified bus — Graduation from a high school, 
and an academic training which might be represented by two 
yean above the high school. 

Teaching cjrpcricBce—Three yean’ iMiccf&fiil experience hi 
teaching above the mirth grade, and special ability in handling 
retarded pupils. It is absolutely ncmraiy for a teacher to 
have a genuine interest In mechanical subjects and appren* 
thus, * 

Personality— Good physical condition aud personal character* 




PRINCIPLES AND METHODS OF 
INDUSTRIAL EDUCATION 


CHAPTER I 

THE TAIL'S OF DiDISTEIAl EDUCATION 

EducatiOhV is cme of the oJdeirt, if not the oldest, institu¬ 
tion responding to human Deeds, The ideal system of edu¬ 
cation hu jjw^a been that which in the highest degree 
prepares one for the duties of life, This means in & general 
sense the development of the whole man, the physical, the 
intellectual, and the moral. 

In the early ages education was giv en in the home, and 
was an intensely practical education. It was given in an 
informal manner, while the child nut I aught the usual 
methods of aupplymg the necessities ol life, food, clothing, 
and shelter. Later when religion was organised, a special 
training for priesthood was introduced, consisting of a purely 
literary training on philosophy, literature, and sri«ee. 
This training was not provided in the home, hut by special 
teachers, who taught this knowledge in a nun or few or¬ 
ganised form, and in a very formal manner, Thus we see 
the early development of the two types of education; the 
mtemdy pructKai, taught hi a natural, interesting manner, 
under the direction of the home, and the purely literary, 
taught in a very logical and abstract fashion. UieMpecut 
tadure gave format education in law, medkioe^etot and 
the tom "education" waa applied to any form of oegurind 
bowWge taught by formal iMtbodi uwa% m a building 
tailed a school In uder to dieting^ betwm the type o( 
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education that trains the mbd fa yaotn! and tint ttIuqE 
trains fix law, medicine, etc., the tom ,f cnHnral" was ap- 
plied to tk former and “(cchnicaT to the latter. These 
two term were u&ed for many yem <Aa tk edwptiana] 
system became more complicated, wHhtk various IdmUrf 
odknb, tk tout "tedtaied 1 ’ Lost its original dAhrition, 
training directly for a career, and wns applied to instruction 
Lkt dealt with industrial arts. On account of this cmfu- 
aion N the term “technical ducat ion” is seldom iud today 
bits broader sense, The word “ vocational" has taken its 
plaoe. 

To-day we find fonr great divisions of education: physical, 
vocational* social, and cultural education, Physical educa¬ 
tion includes all forms of training and instruction, the con¬ 
trolling purpose of which is to conserve and promote usdul 
development of the body and ils capacity. Social education 
may include all forms el training and instruct ion deigned 
to mdk better group living and activities; that is, all moral 
education, civic education, ethical training, and much of re¬ 
ligious instruction. Cultural education includes ill forms of 
ducmilMithatktrafoir^a designed to de¬ 

velop valuable cultural interests in such fields a* art, BUn- 
toe, sdenee, eitd history. EocLd education and cultural ed¬ 
ucation are often considered jointly as "general education" 
or * liberal education. 1 ' Vocational education ft dudes nil 
foray of epetiaked education. J 

General education aims to develop general inteJftpDoe^ 
tkporoof appreciation in rH comm oil fidd&of utifaatfoii, 
and the ability to uee languages, mathematics, icieotifii 
methods,, etc., without reference to any specific calling 
while vocational education has as He jim, to prepare 
kpadfic calling, such as law, medicine, machinist ti*k*it& 
Ik occupations that mm and women foDq w, tfaraa 
pndDctm and lead to self support, may be grouped 
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faffi dan** wnd$ t the prof cations, the agricultural por- 
^t^comme^poim^bid^ti>dmiiu«tri^aadkm^ 
Sitting amt nautical pmroita. The (frissons of vocational 
ct*rea[<ipcliiig to Ibwibove occupations may be divided into 
ibeacdmsiotia: professional education, vocational oamm®* 
ckj education, vocational agricultural education, vocational 
industrial education, and vocational home-making and 
mutical *dbcation. 

liyfustrial education denotes the field of vocational educa¬ 
tion designed to meet the needs of the manual wage-corner 
!n llie trades and Industries, and in lie home- This educa¬ 


tion is given to penona over fourteen yeare of age, It is true 
that certain forrm of hand-training, given to persons under 
bur teen years of age, may contribute to industrial efficiency; 
mverthetes it a not considered as specific trade trailing. 1 
! This volume will deal with tbe principles and methods of 
teaching involved in vocational industrial education; that 
p, the farm of vocational education that prepares the in- 
ijvjdual specifically hr same industrial pursuit or trade, 
udi as a machinist, millwright* etc. 


The different tonus of band-work given in the fini six 
cades to boy* and girls* paper-folding, pkdure-mouotmg, 
lay-modeling, whittling, weaving, needlework, and other 
pnsUnativft ndivitlee within the range of the experience of 


Edldrta uafe twelve years of age, are called 1 
hi." The form of training and instruction, usually in wood 
| id metal samethnea printing and bookbinding, for hoys 
tween the ages of twelve and eighteen, is called M manual 
, doing* Corresponding to manual training for hoys, a 
wee called "household arts,” "domestic economy," or 


S eeanoanosi” is provided, in kudo schools, for ghrb 
n tie ages of twelve and eighteen - The course con- 
■ a variety of practical exercisei and experiences in 


*Sa papist. 
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cooking usd undo*, to give somb {irutice *od ii iangirt 
into domestin operation*. The above forms of education, 
manual and household arts training, ace part of general 
education, and we provided to make pupil* appreciate the 
value of industrial and doaneatia life. 

At the age of twelve* about due akth grade, a program of 
instruction and training is offered, to children who are not 
profiting by the regular comae of instruction and arc not 
going to college, to participate in a series of practical experi¬ 
ences relating to many vocations. This is not vocational 
education* but prcvacationzl education, and assists pupils 
to sample different trade experiences, so that it will be pos* 
pble for them to mate on intelligent choice of occupation. 
Vocational guidance is a form of inatnvetion and examination 
to present trade information and guidance to pupils over 
twelve years of agp. 

Tbe condnsions from a number of surveys show that the 
great bulk of beys and girls leave school ba soon as the law 
allows, usually at the ago of fourteen, before completing 
the dementary course, This army of children is four times 
ns large as the group which at approximately the same age, 
enter* the high school, About oneof every six of these chil¬ 
dren has reached the eighth grade, one in every four hat 
attained tbe seventh grade, and one out of every two, the 
lixth grade. 

These pupils experience very little difficulty in obtaining 
work at a high initial wage in so-called “blind-alley" em- 
jdcyrooits; that is, a work that requires little training and 
involves little thinking. Another important point is* that 
these pupils are very restless, drift from one occupation to 
another, and are idle approximate^ one bait of tbe tin*. 
Tbe KMslled “slriHed trades,” such os the higher branch** 
of Octal and machine trades, the building and printing 
traded do not core to receive dildren muter sutan jMftft 
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because they hav^not tin physical devdopmentlo do 
GMiietttjre or accurate work and require wrakbfwble super- 
timos. Very few of the present elemeutery, and practically 
none <^tl» eroiing schools, show any great assistance to this 
group of young people^ m the traimng, discovery, guidance, 
and devAopmcnt of their capacities or predation for the 
n«k they might or do cuter. It is from this group that 
industry recruits its workers. 

A very high percentage of the skilled workmen, foremen, 
Olid superinlondcntfl of industries ;ipd tTttdn of thh country 
Unlay have bsett educated across tltc water, while the Amer¬ 
ican boys occupy the ordinary dcrinil, mercantile, and a 
number of unskilled positions, at hardly » living wage. 
Whatever preparation the public school system is providing 
for the training and development of young people for the 
work they arc to enter, is given in Ik high «bwl, where 
about three per cent of the pupils arc found, and ks than 
one per cent of thweewr go into tbe indufttiicq aa mechanics. 

The progressive development of all trader and industries 
demands the training of a group of 6killed workers who may 
net later»foremen, The future skilled workers must be 
trained. Industrial conditions today differ very greatly 
from those ai earlier times. For example, trade and indus¬ 
try are more ambitim more successful, and more scientific* 
Jhb ever before, They have content that is worthy of 
Audy for itself. Years ago they were loo simple fat tnteb 
ectual study- Now they require the highest form cf mental 
=tudy and demand the bed intellects, 

A |fanes through educational history will show m that 
k reason industry W not received a dignified place in the 
«irt of study of the public school system ia due to the tr* 
itioa from the Greek‘[Ailowphen, who looked with cml* 
empt on manual work which waa performed by alara, 
rakra, and tradesmen of the age, aid purposely omitted 



from lift achools any training along (be fine of utilitarian 
subjects. Ehiriflgthe Middle Ages thesome feeling eristed; 
industrial education was apart from culture; one uw * mat¬ 
ter of apprenticeship and tbe other a matter of booip/ Tins 
slate of affairs continued in England up to the nineteenth 
century, when the primary school provided the education 
Far the industrial workers. Pupils were educated in the 
higher school* to be cmpJoyera. People were expected to 
remain or oontmue in their station of life. Culture was the 
possession of the upper classes and had absolutely nothing 
to do with utility. During the lost century the sentiment 
that the masses were expected to support the dassefl in their 
leisure, particularly in America, has passed away. The 
spirit cf democracy has dominated our social system, so that 
to-day every man is expected to be a worker. 

Vocational industrial education or industrial education 
may be justified on the grounds that a democracy means 
equal opportunities for all, that every one should be engaged 
in a useful occupation within reasonable bounds of age, 
health, and strength; that is, oil persons of both sens, sot 
incapacitated or in school, should be working. Radically 
eighty-five per cent d the present workers — those who 
work for pay — ire engaged to producing concrete material; 
about five pec cent are engaged in professional service; the 
other ten per rest are In various forms of personal service, 
(jfe and health, and to a luge extent discipline and efianus 
^tU| prast be derived from employment in the industrial and 
^ao&merdal fields; Any large Dumber of men and women 
' without training for some definite occupation, and not able to 
be producers, are apt to beoame a heavy fcnfoa cm society, 
and often form a discounted cla* Jhot threaten the edit 
ten« of oui Government, Society mwt provide mewu and 
training for the proper distribution of human tideoti in enter 
that evmy member may be mured of a bring wage or ulerft 
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Imtaitriai educate^ may be advocated because of the 
\aawed earning powei it affords. The «Ury of a person 
maybe determined by certain factors which may be divided 
iptotygraipfl, tte individual and the orgaiUMtion. The 
individual group includes ouch lactora h natural ability, 
proper (fevelopment of the body, the development of kaieaty 
end morality, which m by-edrcatiouai products of general 
education and industrial education, Tbetactore that enter 
into the organization group are capital, up-to-date appli¬ 
ances, leadership, proper allowance lor depredation, eta. 
One of tbe chief factors that mil increase the productivity 
of the mdivitael is industry education. Increased pro¬ 
ductivity meuu that the country as u whole will be abk to 
increase the standards of living and the worker will be able 
to hove some of the luxuries. 

^baummHze: It is in the interest of society, labor, and 
capital to have the most effective system of industrial edu¬ 
cation* Properly trained worths (labor) increase the pro¬ 
duction. From the workers' point of view physical ensgy 
and knowledge represent the workers' capital, and the great¬ 
est return to tbe worker* in addition to personal satisfaction, 
comes only through an efficient system of mdiwtriaJ educa¬ 
tion. Society profits when every member hai rt&dered his 
ireatast contributiciL 
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CHAPTER II’ 

THE EDUCATIONAL NEEDS OF TRADES AND MtoWSS 

Since industrial education is to train specifically ftp defr. 
mite positions m the trades mud industries* it is dear that to 
be effective it mnst function with their needs* The modern 
organization of industries and trades tends toward the uses 
of labor-saving devices and power machinery. This means 
* tendency toward standardisation and specialization of 
products* which involve a large organization under one rooi 
and ok manager tor purposes of economy. Every organ* 
batien is divided into two departments: production (manu¬ 
facturing) and the distribution (selling) phases- The pro¬ 
duction b carried on by an organization varying from a 
large to a small scale* composed of a manager, agent* or 
superintendent* overseers or foramen, section or second 
hands, aud workers, The large establishments have in addi¬ 
tion designers or draftsmen, testers or chemists, shop super¬ 
visory and sometimes research engineers. 

The manager or snperintadmt may or may not crane 
from the ranks. In the past it hu been possible fra men 
lacking tedmfcsl framing* but passes sing good common 
wusenud bwmeas capacity, to rise to this prattim Thfcis 
iwt true to-day in a great many qigineering raUbliihrrtrota 
and large factories. Oftentimes be is a technically trained 
nun who entered the industry direct town school nu» 
iktiat to the manager or superintendent A mntiigffr or 
superintendent must have a great deal of foresight and wiU 
power. Be must have initiative, an analytical mind, and 
attentive ability; that is he must be able to see deaify ■ 
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it* idotiflo^ and have the ability to put the sohi- 
tion into affect- 

The progress of industries la the put has bed due to tbs 
(Sorts of scattered invratora and workmen ah labring tm- 
der Jeat disadvantages!, Manufacturers sod tradesmen 
an beginning to see that then on numerous powMities of 
applying different scientific discoveries that have taken 
place* Competition compels us to testae that all huh* 
tries and trades have developed to a point when the work¬ 
ing-out of theory and p ractice baa become a science, and 
that the application supersede* the old “ruM-thumb" 
method and demands the continuous employment of stim- 
lificolly trained lenders in a bureau of research- Tbensutts 
of this bureau wiD tend to bra tbe cost of production by 
eliminating manufactory weaknesses, improving took, end 
applying the principles of science to raw materials, waste 
product, methods, etc. It is for this reason that large cor¬ 
porations such as the General Electric Company how a 
research stiff with a group of specialists working on new 
industrial problem The group may include chemists, biol¬ 
ogists, designers, metallurgists, mechanicians, eta, who have 
been trained in tbe scientific departments of the ooDegae* 

A foreman usi^ comes frtmitkra^ of wot ken* He 
s the Job muter, and os such must be able to get good work 
nut of meL This means he must have good judgment of 
human valuer handling men. In addit»a his outlook cm 
life will be ray diflatnt foam that of the worker. He must 
have a habitual reaction to human reaction. 

The drilled worker should have, in addition to a good 
physique, a clear mind capable of keen perception, and on 
inventive mind, whkh a often called ingenuity. .The ktm 
fcnsfrpetaeptfcodioiWbeK^ 
dealing with measurements of a thousandth part of in inch, 
The skilled worker differs from the unskilled woite in the 
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degree of meutef veracity- He ha acquired by aperiaM 
a fund cf infonuiticai and skill»that tie u aMatofarmww 
judgments. The experience of the *VIfe d worker J* such 
that only rcrant fade ttps ktxca are 9vailible for ready 
recall, Una is the principal reason why a skilled woflmiui 
cannot leave his trade for any length of time without suffer¬ 
ing a Zom of akin. 

Semi-skilled when or machine tendon etc., should have 
a good pbyscUJ development nod quick time-perception, 
which u really the ability of being dexterous- Oftentimes 
they are physically sluggish* iu addition to thegenoal char¬ 
acteristic of slow mentality which may be due to the lack of 
goadnutriHousfoodordb^tion^botlL Any reflective 
action on the part of the semi-skilled worker retards bis rate 
of production These wnrkras are generally recruited from 
the ranks of those who leave school, follow a Hue of employ- 
meet with no prospects until they reach manhood, and then 
see a chance of getting an adult wage without going through 
the training necessary (nr the skilled positions. The worker 
is seldom called upon to meet a new situation, and his work 
never involves problems which cannot be solved from the 
limited range of his past experiences. This automatic and 
aemi-antoraatic machinery develops a fatigue, which is a 
serious problem* Women are able to work in this way bet* 
ter tins zdbdj and do not show fatigue to as greatan extent. 

The unskilled class of workers usually represents the kaat 
intelligent pert of the community. Of course there are «t- 
.oeptSotu, m in the case cf bright young people who haw be¬ 
am * blind-alley" workers or others who lack the seme of 
r ftqrauoMlily. In spite of the great increase in invention*, 
ire a great many processes performed by unskilled 

■** The occupations found in trades and industries may be 
roughly divided into the following groups; 



flgEt&'O# AM) INDUSTRIES tfi 

Otauparicms requiring aldU and ttade knowledge. 
Occnpathms requiring skill and bo trade knowledge* 
Occupation* requiring twit knowledge end no tHaJL 
£)]j^mtioas requiring neither skill dot [jade knowledge, 
eicept in a very low degree. 


There is a certain amount of industrial training that must 
be imparted to the group of men on the distributing phase 
ct industry. The knowledge of the salesman of bU product 
should be thorough, and at the same time should be very 
dliferent from that of the mechanic, 1 
A great many men and boyi are Injured and many die 
every year on account of injuries or the conditions unda 
which they work, Erperiments and careful questioning of 
injured people seem Co indicate that most hand injuries are 
due to paforming work on machines automatically* and be¬ 
cause, Without the intellect, the hand baa uo sense of danger 
until just at the instant the injury takes place. The as* 
sumption is that the hand proceeds automatically 1° correct 
the machines when they become jammed ot caught, and 
union the intellect becomes active, the hand is endangered 
aqd caught. The indiutkm of the workman to perform 
hii tasks automatically has caused nearly at! industrial acci¬ 
dents. H employees worked with their intellects fully am* 
cenlrated qpan their work, guards would not be Decenary, 
for workmen would be awake to all dangers at oil timra, in 
many lines of work this con central] cm would cut down pro¬ 
duction more than fifty per cent If the workman had to 
think of evuiy move cl his hand before acting he could not 
do more than half of his work, Therefore machinery must 
he both guarded and production decreased in outer to obtafc 
bestreauHs, AgnttmanyHcddentsBodiiiduRtriildiBeaaei 
be prevented by care, safety devices, and proper safe- 
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guards for the health of tie work*. ^specially trained w- 
pvt called «‘'safety ownem" is ubuI^t «anpbqped ty took 
■fto the welfare of the men and boys* teaching than how to 
avoid aCddflita and to peered disease.* * 

Every year many wwkew are released from the^radw 
and iudmtrka on account of injuria received, Ttfese men 
imdboyaaWflltHi allowed to remain idle for the rested their 
Uvea. Very carefully prepared device* called "working 
arms" tod "working legs" have been invented far injured 
men, to assist them in performing certain lines of work.. In 
many cares the earning power of the injured worker has 
equaled that of the normal man. 

One cl the most soioua problems to-day that confronts 
the industrial world ia the discontent and unrest of the werk- 
«sof the trades Bind industries. This is due tn a measure to 
the overgrowth of the present industrial couditiouj of highly 
specialised work that has nude the worker a mete attach¬ 
ment^ a machine. Modem engineering has developed the 
machine part of industry ait the expense of the human factor. 
To ilhutote; Modem shop systems in general have been 
organized so as to allow to each machine a definite earning 
capacity that is expressed in the form d a daily or bourty 
machine rate. Machines represent the investment of large 
nuns of mooeyj and therefore must be kept it work all «f the 
time in order to justify the expenditure involved in their 
purchase. If a machine, for any reason, is allowed to stand 
idlej the charge against it mounts up, and it beomnea iW 
drplMtoidofbfli^an^ulindproductiveinvaUMnt Iq 
the attempt to develop the effioeuqr of the machine^ many 
manufacturer! and tradesmen hive lost sight of the fact that 
the worker ii human and demands oonakkntkm. 

The progressive manufacturer! LaVe aeen this spirit id 
unrret growing among the employees and ban attempted . 
ty spilt them in various wiyi which are usually pooped 
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p roto n called an employment manager is mturify adopted to 
gopfey wwtas and look after their welfare. Thbwetfire 
work^pa baled to mme cues became it conferred beuflte 
upon a group of workmen, requiring sod asking no service^ 
<m their bait Experience sham that the average Amman 
mrimuauRu^cnwofa&emp^^ That 

same overage American workman, however, is keen enough 
to engage cooperatively in any undertaking tbit ii frankly 
advanced by the employer u of mutual advantage* as the 
establishment rf *n aD-comprehensive employee*' awvice 
department, such as lochtf-n»m service, physical examin* 
boas, dispensary dental «i™, sickness and death bene¬ 
fits, luncb-room service, hanking and loan service* indus¬ 
trial education, and recreational facilities. 

This cooperation will tend to develop a strong eeo» d 
loyalty between the worker and the oxgamutios, an ttfrii 
ds corps similar to that existing between the apprentice and 
master, and to remove discontent among the workers. The 
average manufacturer seldom knows or sees his ram, and 
Iherrfore is not able to have the sympathetic imdtntanding 
that he should. 

Another great educational need is the training of the im¬ 
migrant, IHieUnUedStatesisjiiflt beginning to reali« the 
great educrtkusl task before it* the education of at lent 
thirteen miHkm foreign-bom people in this country, many 
of whom do not speak our language* do net come in contact 
with Americanizing influences, and an in a measure out of 
sympathy with the country’s institutions, Hentofa* wa 
have looked te the traditional school system, the infreaca 
of tonal contact, and city life to mould the recent immigrant 
and fres children fate’American titians. These dK^est 
agenda petfood this work when the numbers of imm> 
gratii woe not large, and woe from Inland, Scotland, 



» iKDiftitUL wkatm 

England, Sweden etc.* people win wore more cr lea hmilitf 
with the institutions of this cotmtry. Within the last decade 
cr two the numbers of immigrant! htvti greatly btreued, 
and many are from the remote sections of Europe, jpikbag 
the problem of aaimllation gresto than mr before, 

Tbe fadurtriei of this country are employing these immi¬ 
grant! to poform highly specialised, semi-skilled, and nn- 
ikilidd work. In iron and steel manufacturing east of the 
Uhnurippi Hirer H7.T per cent of the employees are fomgn- 
boni; in bituminous oual mining in Pennsylvania, Ohio, 
Indiana, Illinois, Kansas, Oklahoma, Arkansas, Alabama, 
Virginia, and West Virginia, 01.9 per cent of the employ¬ 
ees are foreign-boro: in woolen and wonted manufactur¬ 
ing in the North Atlantic Btatea, (IL0 are again Foieign- 
bero; in clothing manufacture in New York Tity, Rochester, 
Baltimore, and Chicago, 7iJ2 per cent are foreign-bora; and 
» on, Probttbly two thirds of tbe cons traction and main¬ 
tenance work of the rsibofids and railways has been done by 
the fow^boro workman. In addition most of the general 
street and read construction has also been carried on by the 
recent immigrants. 1 

A* examination of the work performed by then people 
ibowi that it is not educational. They are in the employ¬ 
er's hands from eight to twelve hours a day, and when they 
get through with the day's work they are too tired to receive 
definite instruction for Americanization. 
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HOW MEN HAVE BEEN TRAINED FOR TRADES |ND 
INDUSTRIES IN THE PAST 

Tbi history of the training of young people for the trades 
and industries b tie past will assist us materially in solving 
tie tame problem Way. Of course we must bear in mind 
that wc cannot transplant any of the bit it lit iocs of the past 
and aspect them to meet the problems of to-day, because 
conditions of the post and the present are very different 
Aa for back as the time of the Homan Empire men were" 
selected to build and destroy bridges, water-supplies, and 
fortifications Every weD-argantacd army had its group of 
bridge-builders, etc., called "engineers.” Later they laid 
out campaigns, made pilaus to defend or attack forts. In 
order to do thu work they invented implements of war, en¬ 
gines, etc. In time of peace they constructed waterworks. 
When the duty of constructing roads, waterworks, arches, 
etc., ms left to the civil authorities, the expert was called a 
*'dv il epjtfneer," to be distinguished from the "military en¬ 
gineer.” Later experts on the steam engine vm called 
"mechanical engineer*." In likt manner the terp “elwtri* 
cal engineer" ‘'sanitary engineer/' "tubing engineer ” eta* 
arose. Engineers in England at first received their knowl¬ 
edge through the world of experience aided by advice from 
aldermen, As time went on opportunity wai provided for 
the training of engmeers by means of an apprenticeship of L 
jevunyeiratonn old established engineer, The fee usually 
paid depended upon the reputation nl the engineer. Moot 
if the practical training was received through experience bt 
Afield, and the theoretical and scientific knowledge was 
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imparted by the enginicr in the office tiro or three months 
of the year, 

Tlie skilled mechanic requiring lean theoretical instruction 
and trnye manipulative skill thm the engineer lies always, 
up to a jgperation ago, been trained m either the home or 
the shop, under the guidance of hit father or a skilled me¬ 
chanic or muster. In order to show how this training has 
been given at different lituo in the worlds history, we may 
divide the history of the industrial work into lour stages or 
periods; first, tbc family system; second, the guild system; 
third, the domestic nydeui; and fourth, the factory. 

Under the family system the lifficrenl forms of industrial 
work were carried on by members of the household for the 
purpose of meeting the nerds of the family. Thece were no 
sides ot the product. Eucftdaisin Muddy, from tlie pennant 
to that of the nobleman, but! its own devices for carrying on 
all phases of industrial work. Father t audit son iH forms 
of manual work, and mother taught daughter to perform 
the household duttw. T!u? manual and household work of 
the nobility were jierfonued by slaves. 

As communities became linger juid cities sprang up, all 
forma of trade beejuue more thin u fatuity concern, There 
was a demand for a bcLEcr grade of industrial products. 
iTiis meant a larger supply uf h;uid tools limn was usually 
found in thcTwmc of tbc undiiuuy worker, Some workmen 
began to dcfvdwp greutor utility in ciHiimcrciuJiiiuK their 
handicraft product!; thun ulhm, and iraune prosperous. 
Hie smaller medionic who owned and constructed all his 
own tools found that he wukj not compete, w be started to 
Irak for the more prosperous mechanic in t shop nth? than 
\ cottage. As time wgrt on each miuiufncturer developed 
i reputation* and usually employed several workmen and 
»me young men to learn. The nnuujfacturfrs became quite 
mpartaut* and soon grouped themselves together under an 
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orguriMtioDp called a "guild/ 1 and applied to the city fa cst* 
tain privileges. After a while each group of tradesmen, *uch 
as doth workers, da, organised under a distinct guild, car¬ 
ried cal by a small group of men aDed ‘^masters/* ergploj'ing 
three nr Four men (distingnished later aa ^iDiiroeymen"), 
and at least oik beginner called as "apprentice/ 1 lie guilds 
organised and do m i n a te d all condition of Urn manufacturer. 

The masters, under the guild, had the advantage of com¬ 
bining together and obtaining the monopoly uf the trade in 
the local market, instead of competing against one another. 
After developing the trade conditions of the craft, they natu¬ 
rally tuned to the question of training workmen, that they 
might have a standard of workmanship, A young man 
was dbl|ged to serve an apprenticeship of seven years before 
he was allowed to become a journeyman. These are the 
eoathtiona we find existing in the trades of England during 
thq fourteenth, fifteenth, and sixteenth centuries, 

The guilds act up very definite standards for the training 
uf apprentices The youth was taught all branches of the 
trade. The shops were small, and master* and apprentices 
often worked at the same benches side by side. The master 
worked at all processes of the trade and taught the appren¬ 
tice the complete trade. Since the number of apprentices 
was restricted to the number of jotmiry men, there was little 
division d labor. The apprentice assi&ted the mister at 
croy prooem of fbc trade. The seven-year apprenticeship 
gave the youth the training necessary to bring out the ar¬ 
tistic akk The desire of the apprentice to become a master 
nunc day waa the incentive for him to acquire a knowledge 
of ill the procsKB d his trade, dexterity cl hand, and artit* 
ticikil]. The efficiency of the apprenticeship was guarded 
by guild supervisors. Both mastor and apprentice were 
memben of the same guild. Guilds regulated conduct and 
specified what should be taught. 
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bi |ib» bc^nniii^ tbf traini4g mu mcmiy me cf develop 
meat of skill* and eotisisrted of theory of materials used 
(gained by working 0a thou) and the acquittkm of operi' 
enceqpd knowledgfrliaiided down and partied se&iouaiy by 
older craftsmen. Scientific knowledge cl the industry at 
this time vat very limited* 

The careful individual attention, cm account of the mull 
number of apprentice, jriven by tlic journeyman to each 
young man, prevrnted hiiu from being superficial. The 
master* and journeyman's work furnished the model for the 
youth to imitate. Since the earnings of tl» apprentice 
Trent to his master, the young man found his reward, not in 
immediate gains, which tends to superficiality, but in bia 
employer's praise and in the joy of artistic creation. 

The apprentice was taught by actual participation in 
trade work, by imitation, supplemented by suggestions, and 
tlie necessary information. Cummins, m the seventeenth 
century, rrrtiintk teacher; that artisans do not detain their 
apprentices with theories but set them to do actual work 
at an early stage; thus lliry Irani to forge by forging, to 
paint by painting, to carve by carving, rlc. Mechanics do 
mat begin by drunnning ruks into their ap]jrenticei, 'Hicy 
me taken iutn the workshop and Jilmwn the wk that has 
been done, What the hmy wEahis Lo ImiEaLe this work, tools 
are placed ift bin hands, and he is iJinwn how they should be 
held and haw to use them. If mistakes aie made, the me¬ 
chanic given advice and corrects them more often by ex< 
ample thou by mere words, and os facts show, the novices 
easily succeed by imitation, Otuulbik Walker in his work* 
OJ EAratf/on, says," In manual arts tin master first sboweth 
his apprentice wfast he is to do, nett work it himself, in h k 
presence, not gives ruin, and then sets him to work.” 

The mister craftsman taught and arranged hh trade skill 
and information in away different from tbe logical order ol 
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the artl and sciences ta pfeomted l&Jaj by the achoofnHfr 
ter. As each journeyman rou Dot alfowed to have more 
than two apprenticed, the instruction ww individual to a 
certain extent. The master craftsman began his instruction 
by using the strong instinct, imitation* and proceeded to 
teach manipulative skill through it. The related trade 
knowledge included much practical inf carnation oq the arts 
and sciences, ud was imparted to him as oeocuary, in such 
i way that the apprentice first hod the practice, and then 
the theory or the thinking about the practice, ruder this 
system skill wan acquire,] intelligently. The apprentice 
practiced commercial work, If he required any additional 
drill on certain details, he would repeat the operation (drill) 
cm some waste stock. Note that the Apprentice was mt 
taught exercises, but his j+kill was acquired in the most eco* 
namical way, by looming nil the habits of skill in the com¬ 
plete project, flo that each hod its proper setting. A motive 
for doing the work was shown the apprentice the first day, 
when an actual modellhnt had cumramiul value was shown. 
The young mm was not naked to perform a scries of opera¬ 
tions, given by the master, through nuLhinking imitation, 
without any Jvflord to the purpose of the work. 

Apprentices lived wilh the mafttcra, mid in this way were 
imbued with the work, the industrial atmosphere and fen* 
. tores of the trade which woe handed down fnftn fathtf to 
hd, fn addition a distinct spirit d oottperution existed 
sucqg the master workmen and apprentices that is lacking 
to-day between the employer and h« employees. This dose 
reUtioa between master and workmen of the old-time trades 
prevented a great many of the disagreeable relations that 
exist to-day under our present industrial system. 

By the middle of the eighteenth cenluiy the trades began 
to break away from the gpilda and to spread from cities to 
rural districts. The work was still carried onm the mistatTi 
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bouse, although he W hat the economic mdqxttdenoe ha 
m imdertha old ffuild qrctan, where he acted m merchant 
and manufacturer. He now received materials from the 
merchant and disposed of the finished goods to a middleman 
who locked after the demands of tba factory. It was the 
family ifstrn that existed in the American colonies at the 
beginning; of the settlement, followed by the domestic sys¬ 
tem* The guild system was cot adopted in the United 
States/aa it was going out of exigence on the Continent 
during the settlement of the oaLouira. 

During the early colonial times boys and girls were trained 
by a roti-defoed apprenticeship in tlic shop and office, really 
handed dovn from the guilds, and by a training on the farm 
and hi the household, The practical education of the child 
on the form often Iwgon ns early ns six yearn of agc h when he 
or she assisted induing somcof the little chons, Thewk 
was carried out m llie npiri t of play, and it was varied and in- 
tcRsting. Thus we we the old-fashioned metber training 
the child iptn habits work and Uiecnjuynientof the samft 
by bringing ])ky anil work tngetlier. The ptgy furnished an 
adequate physical [raining for the chihL It was better than 
the gymnastics of to-day because the body was best exer¬ 
cised in the ncoompLLHhnient uf seme purpose. Young peo¬ 
ple, through the agencies of thel^l^sltop>and<XKnnmnity } 
were trained in the useful habit*, tlurift and temperance, to 
have leaped for law and order and in Urn development of 
the higher types of citizenship* 

The characteristics of young people are the flame to-day 
Ifl when the old-fashioned apprenticeship system existed. 
The training on the form, in ihc home, ami the apprentice¬ 
ship in the shop held the strong young jjeojde, corrafpoiidmg 
to the same type of to-tlay, during the long period of adds- 
ttns,*Ld gave them the necesary training to become good 
tndeuten and houawiwa and suooewful men and women. 
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let a oarnhuj iray closely iKawHwrttcdUp in tta 
■hop today, the training in the home, And the methods 
of teaching, U tw eumine the different industries today* 
wc shall find that the training and skill necessary to 
perform the wit vary. The greatest training is required 
in industries de mandin g a high degrre of skill Jnd intel- 
lflencft and the least in those highly spcrisliad occupa¬ 
tions performed by the ncwjy arrived immigrants from 
the agricultural districts of Europe, In the machine en¬ 
gine, and locomotive coustnicliun works, whoc the trades 
demand a High degree of skill and intelligence, there is nred 
of broadly equipped workmen of High technical skill. On 
the other bunt in the cose of those factories employing 
workers tending somj-tmtotruUic tools, where a low grade of 
skill and intelligencr is required, very Kttfc industrial edu- 
cation is necessary. To illustrate: tlie rolling mills require 
a few skilled Lands who direct the operations, and a great 
many unskilled hands who asust and tend machines. In 
the manufacture of sheet metal and electrical apparatus, 
where the work is performed by seim-autonutic machines, 
the operators simply food the machines which require* tittle 
mental effort after the fin! week. Jewelry mad gas fixtures 
*re made hy piece workers, who |ierform highly spoculired 
work and arc trained for it, All-Around skilled ’help is 
necessary for the finer class of work, ■ 

The old-fashioned apprenticeship was « very satisfactory 
method as long os the master had time to Leach the appro* 
tke and the apprentice had Lime to lenra all about his trade. 
A scientific advance has rcvnlrrtbnited industrial and eco¬ 
nomic CQiulitHUM of nli] liiDrx. TJk factory system, of fc 
hi ghly iperialiffd diameter, and the modem application cm 
• iqrge Male of nmcHuueajiud capital to manufacture, hire 
takra pUct. The muster hu become eo busy trying to 
P*tnt»in himfatf a&atft tilt Competition of otiwa^ And til 
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bq> up with the techpiesl tAmnmml d bis tradfe, tbbt 
time has failed him for the instruction of his apprentice, 
whikdi the other band, the Catte baa found that the trade 
has developed to tod) hq extent that he can do huger learn 
ils fundamentals by mere activity ia his mute’* shop. 

Thus Ae apprentice* no longer a pupil, has to-day become 
merely a hired bqy* wh(* while making himself useful around 
the workshop, I earns what ho can by observation and prats 
lice. II he sees the Interior of his master's home, it is to do 
some work h no way connected with his trade. In olden 
times the master worked with hifl men; now he Tardy works 
at his trade; his time is spent more profitably, in seeking for 
customers, purchasing material or managing his finances. 
The workshop is put in charge of a fore nun whose reputa¬ 
tion and wages depend on the a mount of satisfactory work 
that be can produce at the least cost. He has no time to 
teach boys, and os there ia little profit b the skilled trades 
for boys between the ages of fourteen and sixteen, they are 
not wanted. The unskilled trades thrive on juvenile labor. 
It h true that in Europe the seven-year apprenticeship still 
exists to some extent, and n more thorough training ia pro¬ 
vided for apprentices than in this country. The old appren¬ 
ticeship ia not likely to bo revived, A new system cl prac¬ 
tical education and training must take its place. 

The industrial operattona of a factory are so highly "P* 
mlized that the operators are not obliged to exercise any of 
the academic training received in school. The result ia that 
Ibty rapidly lose the habit of thinking, the power of initia¬ 
tive, and when they roach the age of manhood are not so 
well educated as when they left school. Not only that, but 
when on opportunity presents itself, we find our American 
young people are not £ble to fill responsible positioner such 
as overeats or heads of departments, which ate filled fay 
sldfiad workmen bom Europe who bffre reoeswd a rompto 
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training, pwetie*, and I tec*?, ia the mills or ihopa dnr* 
ing tin yvaxa from fomteai to cigtlcen — while they weft 
working. 


QUESTIONS FOR DISCUSSION * 

1. Wlflt flbjtetitti maj bfl nivt ItKilJ tv lie method rif tttibfaa 0 
■rtdmnk*] engineer hy iitwtuljttof tk atodal lo a jtnctiddtg me* 
rimuail eapMcd 

t Whit is tin diffmnfr botarai Ok jmn; jutq and ecAcIi and fk 
applied iiti ud Beienffif 

X Explain why the jpwtb of Ittkiml schools b this niiintrj'did mrt 
tfllue pin* prior to (hr lpndjrptiLlt itoUnj 

4 , State One WHliLicma umkt ftlm-b ttir tannly avstfm nitfn] 

{■ \Tby Itb. 1 ibc p*il( a Dcn.vdn' ocnmutiiu pjpjLtiMi? 

A GhjpiTiBiLttm botirin^; ilu h qoine of h liidJi smricen* jjuii[n are {band 
inttrtniDpartsof En^nnd KsplaifilJr fflfflniiijJ fi( iklliuflfc 

7. EsjiUii the «ur*s tint In I tn llir <luwnfnJI of Hie puldj. 

B. KKjJsni nliy 0* ilprWn L mul ruri Lkc mild system mil hnlndanl 
into lliii rcmnlry 

ft. TVtflJ hit thr nwimn; ndvairtusM am! di^hraulMM of Avoid' 
rmhiovd flp|wtniio>Jini in n Miiidl Jiojn under aututrT aid jevml 
journeymen. 

10 Eiplub why ilic nlfl-ri^litunnl ufifimBE^JiiiP of seven jwi wifi 
ntmirtvo 

H. Wh*t n thr iHif^li d Uve uppri.'utkisJiip in Enftind to-day ft)r tp 
IRimtkVilyvr? 
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DIFFERENT TYPES tW [NDUSTRUL SCWpLB 

Teem are many ty|Ki of industrial schools to raeri tie 
wiod need* of industries mid trades; the coUfflfc grade « 
school of technology, the secondary bdiutrud, part-time 
industrial, oootimiatimi-dou industrial, trade schools, end 
corporation schools. 

A dose cwnmtioji of educational history will show us 
that we usually begin at the top of the ladder and wort 
downward. This in due to the fact that the old fyitro of 
education bettered in educating a few minds to arias leaden 
and leave the « unduc-rial. It was for this ream) 
that univenitics preceded the common schools, and schools 
of technology preceded trade schools 

While science had been inf rnhicerL into some of the cob 
leges long before the nineteenth century, it ™ not until 
then that a systematic aludy of the applications of scientific 
discoveries to the practical nilEurs of cvcry-day life vu car-^. 
rkd out by the M^vblhLmcnt of the Royal Institute in Ig>n* 
don by Count Rwutord. Hie aim of this institution was 
"the general diffusion of tl« knowledge of all men and useful 
improvements, and teaching the application/* It contained 
workshops for Uncbsmitli^ witli forge amd bellows &D sorts 
of models of machinery, and a score of mechanics. It grew 
into a higher institution, and became a great laboratory Cm 
the research of pure science. 

The United States did not &Lahlnli technics] schools Car 
the turning of engineers until tlxrearly part of the ninth 
tenth century. About this lime the States were beginning 
to become thickly settled* and it wes necessary to bald 
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rim and asaib and tp empty foreign apsrfo ud engi- 
need) from France* There wu a great demand for our 
young mea to become engineers, and some mte sent to 
France"to be educated. In enter to meet this educational 
need a school of theoretical and applied science was founded 
at Troy* Hew York, m 18*4. 

About tie middle of the nineteenth century chemistry, 
pliysica, and geology bid become very important «ieim 
Eunl tie colleges pstabtishod departments fur the teaching of 
cadi* lie influence of the old eminw of study was such 
that these new subjects lad not tlic same dignity, and were 
set aside in n separate xihnol, iu, the Slieffidd Scientific 
School at Yale, tie Uwrence Scientific School nt Harvard, 
and the Chandler Scientific Kclmnl at Ihirimonth. At first 
these were school* of pure science, but later became engi¬ 
neering schools. 

In 18<H tJie United States, in spite of the fact that it was 
in the midst of lie Civil Wjit, realized the necessity for 
action. Congress in that year passed un act granting to 
each State thirty thousand news of psililic lands or their 
equivalent, the income therefrom to Ik appropriated "to 
the endowment, support, and maintenance of at least one 
college wheat the lending object ahull be, to tench such 
branches of learning ok ore related to agriculture and the 
mechanic arts, in order to promote the liberal and practical 
education of the industrial dassei in tlie several pursuits 
and professions of life.' 1 Surely i noble object, and one 
which Congress has driven ever since In advance. 

About fifty years ngn the Mawmchiw[l!i Institute of 
Technology vtu founded “fine tin 1 piiqtfwe of instituting (Utd 
maintaining a sdiool of imhiatriid ^-ifnev, and aiding gen' 
wally, by suitable meads, the advancement, development; 
Aid practical application of science in connection with arts, 
lgrtimUurq» manufactures, and commerce." From tbe he- 
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ginning this imdihdbu hw rented tad from State and 
Nation. Tie Institute of Technology dealt and still disk 
with the most advanced workers, as is true of thcI*cn«H» 
Scientific School, the lVorowter Polytechnic, and oths 
whocb of the mme type in the United States. P 

England > while contributing mote than any otller country 
to ttkntifc discoveries upon which technology is based, did 
not adopt Icclmiod education until 1SBL when it was seen 
that the high place in nigmccring and manufacturing skill 
that England occupied wwi Llircotcned hy the Continental 
countries. The inennad still of the pwirte on the Conti¬ 
nent mu due in no small degree to the encouragement the 
Governments gave to pchwh of technology. 

Hie City and Guilih of J/mdcm ln*Lihrto for the Advance* 
roeot of Technical Education otic of tlic institutknii ea 
tabEfchcd by Lhr English Government to develop technical 
Skill in her cqginwTing and manufacturing industries. It 
includes in its mjLnugrmcut tin? upcftition of three London 
colleges and a system of technological eruimirinf ion. 

The aim of the college grade school oF technology is tn 
provide a four-year course of iitudy that will train men and 
women to become uicrhaitical engineers, research chemists, 
designers, etc. Tiff first two years comprise a general tech¬ 
nical training, with cultural studies* and Hm lost hro years 
specialisation in one department. 1 * 

The training provided at present in our engineering 
schools of college grade is si splendid training for the expert 
and chid engineer. Fully ninety per cent of the men em¬ 
ployed in responsible petitions in engineering do not requin 
as complete an education as thru schools give. A great 
deal of work done in engineering office* i* of a nature that 
ftqufrn % fair knowledge of the standards of construction. 
In manufacturing plants most of the work has beau lUodr 
* St* p*£t £01 f«r coum of ilady. 
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irfkei and is repeated day after day, or year after year, so 
ttbit much of tie work of preparing boys for ninety per cent 
W the pprituma in X he engineering works can be perfumed 
by a H^pol with & two-year course. Pratt Institute of 
Brooklyn, New York, and the Wentworth Institute of Bos¬ 
ton, Mbssochuartt^ give a two-year course in technology. 
Up to a few yeam ago, almost all of the institutions in this 
country that provided industrial education aimed to be of a 
collegiate runic, tliey provided a training for students over 
sixteen ur seventeen yean of ftge who bad had a high-school 
education or its equivalent Often the same courses mit 
provided for evening instruction for those at work during the 
day. The education receive! in these schools was the high¬ 
est poHdbk training in the useful arts. This education and 
training often exceeded the real educational needs of the 
responsible positions in coninicrml and industrial life. Lit¬ 
tle if any effort was made by those schools to supplj techni¬ 
cal education of a secondary ghide; that is, a umipler tech¬ 
nical education to the great masM of young people between 
fourteen and seventeen years of age who denim a practical 
education. 

Ibis one-sided educational scheme ww due to the tradi¬ 
tion that quo must have a cultural Ixdorc a technical educa¬ 
tion, and to the cimiiiugtAucc that at the time of the origin 
of the tedmicdl schools they were patterned after the exist¬ 
ing colleger 

In ISTtt the European Manual 'Ebbing Exhibits at the 
Centennial Exhibition attracted the attention of ■ great 
many thoughtful people, uumuEactorers, etc. Committees 
were appointed to look bto the advisability of having simi* 
bf work in our schools^ They found that the industrial 
rcprcroacy of European countries was due in no small de¬ 
gree to industrial or manual education. As the result of 
this investigation manual training high schools were «tab- 
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listed in dHtnot cities of the nuntiy, He St Louis 
Manual Training School ww Kt&Uishfid Jude 6, 1879, 
for instruction to mathematics, drawing, and tbe.Engfch 
branches of n high-school course and instruction god prat- 
lice in the use of took For the first lime to America the 
age of admission to school shops wfts reduced to fourteen 
years of age. The Baltimore Mamis! Training School was 
opened in 198S on the same plane its the regular high school. 

In order to meet ail the demand* of the public, the high 
school grew to be a cosmopolitan or general high school 
which offered courses in industrial and commercial work, 
normal training, general and classical education. It was 
the intention of the founders of this type of high school out 
to have it exclusively technical or commercial in character, 
hot with an equal emphasis upon each course cl education, 
It was believed that such a cosmojinliton high school would 
tend toward democracy id duration, whereas sped lined 
high schools would tend toward aristocracy nod false ootioiu 
of the value of other lines of school work. It was said that 
pupils attending schools exclusively Academic in character, 
notuBwmmfmly looted down upon those who were prepar¬ 
ing far manual or oommtttiil pursuits. On the other hand, 
the high school offering all (flumes exemplifies the complete 
life of the community in which it exists and prepares for re¬ 
sponsible participation in thnt life. It gi^ra the pupil on 
opportunity to observe nod compare Iwfore nuking choice 
of Lite work to prepare him for his future life, Iheonondp 
ary high school, furnishing an effective'system of indoattwl 
and cidtunl courses, k ha ideal plan. The experience up 
to date has shown that to work out this plan has been one 
of the difficult problems in school administration, Hm 
principal of a school usually attempts to impose the stood- 
ante of the cultural courage is fir as possible on the iodua* 
trial flftraa, The result is that the efficiency of the mdte- 
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^courses idfe^iatlw^dmris tMUiUy exclude nr drive 
hot tie type of boy who b best fitted for industrial work, 1 
1 Tie ^endeny a lew yean ago in HaswluiMftfi was to 
estubl&i iJi independent industrial school with an ihik* 
pendent principal and faculty m an independent buftding- 
It is true (fiat not all communities cun ft fiord to iiippoit an 
independent industrial school; therefore tic raduatrial de¬ 
partment in a high school Li the type of industrial education 
that many small cities and towns must provide. 

[ The dearest thinkers on industrial education have re* 
' peatedty stated that an industrial day school in an industrial 
achoof established to secure tlie following ends; 

A, Primarily to bereaw, through proper training of the 
worker before or after entrance, Iils rfficten^ in sum 
trade dr occupation. 

B. To train for Irtter ciLbfluhij). 

Cl To extend tbc gruenil mtelligrarc of tlur pupil 1 

Very nearly all industrial schools end industrial depart 
meats of a high school provide, for buys over fourteen yean 
of age, instruction in wood-working, metal-working, print' 
log, electrical work, etc,, regardless of whctlicr Hie principal 
indLHlry of the town or city is teslilcK, tanning, boot and 
shoe manufacture, paper-making, etc- The reason for this 
is thatall communities have some wotIuts in wood-working, 
as house carpenters; workers in metals,as machinists; prut, 
ters; and that all other industries are w highly apecialrard 
and organised that every worker performs a single operation 
of manufacture that can be acquired in a short time. Then 
again the idea prevails that the factory ocrupatians hxn 
not sufficient content of matter to justify a course of atu^T 
in the school * 

Thro an over two hundred and seventy trades and ia- 

■ ’Bnppllil ^mtlllJireDeigifitu^ 



*4 


INDCBTmL EDUCATION 


duitriei in the State of Masncbutettfr a typical industrial 
State: Tbe average industrial school, when first started, 
taught practically the same trades. On ucaitut of tbe 
(ftlt expense tombed* there may have beta souje justift. 
cation on tbe part of the public school authH^ks for not 
supplying industrial education at the entire expense cf the 
taxpayers. But at the present time, with aid from both 
the National and State authorities, there is no reason why 
this training should not be provided for all workers. 

Experience show^ that in an industrial grhnol where (be 
work is not carried on under real trade conditions, it is ol* 
must impossible far a pupil to attain a practical shill and 
rifidcocy equal to that of a good truckman in Line trade. 
Therefore the work in on industrial school should be car¬ 
ried on under actual ribop conditions u far m it is possible 
with the school organiMtiim. 

Day industrial schools ahijuld provide, in addiliaa to (he 
regular course*, which are two, three, and four years in trade 
training, short unit cuuftra, cxLcmliug from a few diyn to 
a month, which may he given toyoiuig people over sixteen 
yean of age, that they may have Induing to fit them for seme 
highly upecsalized mxupttion. Three diort courses snay be 
tailed '‘short unit day courses,” and consist of a sufficient 
number of lessons plus a sufficient amounted pfttctiral work 
to meet tbe need of a definite occupation. Short unit day 
courted will appeal to a great many young people who hive 
natha the interest nor the ability to pursue i long coupe. 
To tbe author's mind short unit day counts, for pupils over 
sixteen* will be tbe solution, of industrial education for the 

1DA03C& 

[ The economical methods of ptrc^uctiou, particularly tbe 
warbun'i tone is a factor in tbe oast of production, are 
difficult to demonstrate to i student, in a school conducted ■ 
imfor tbe best conditions, when his wages do not depend 
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^oatiiproductsibility. TTusiillrequirdfora 
oanmcrcU] product can only be understood to bat tdna- 
teg* by*a student when ha product is put to cotmnecbl tin 
tod wbiya btfoee* an toemtive in tie form of wage* for b» 
judgment ^pd pldll in producing it, Wherever possible the 
feetoty or shop should coOperate with the industrial school, 
ft that the shop practice may be given in a factory or shop 
and the related technical and academic work may be given 
in tie school This may be done by the manufacturers set 
ting aside a certain portion of a factory for the training of 
apprentices. 

It ii dear that the most effective and efficient method cl 
training young jteople for a trade work is hy combining in 
some way actual a bop experience with theoretical knowledge 
in the school In this way one obtains the actual skill by 
participating m a commercial shop on a commercial arti¬ 
cle under commercial conditions, and tbc theory or related 
knowledge may be obtained in a school. Such a edwme of 
education ia colled the +l cooperative" or ^part-time" plan; 
theprpil spends one week in the industry and the next week 
at school. This cooperative plan has been adapted to bigh- 
ftbool pupils who attend aftcnuite weeks at school White 
this plan bsi some advantage^ it has nko some dfeativan* 
tagra, as the average young man working at his trade it» 
constituted that he cannot benefit from such a plan. He ia 
art able to profit by more than right Lours a week schooling. 
A plan offering from four to eight hours a week scbodLiig 
to youag working people is called f 'purHinie H or “contin¬ 
uation M school 

Sveiupg industrial coiines of college grade, secondary 
p ad et , art aba provided .for those already engaged in the 
buta, Li addition trade-preparation courses an offend 
for young mm hi unskilled Hues who desire to receive luflh 
bent training in ifcU and trade Imowtedge to enter a skilled 
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r''Outride of the indnatrial schools mcntimttd above, thstf 
are various systems of training beginners in the different in- 
durtnes, Since the modem organization of industry is on 
the factory filon, where the manufacturer is concerned in 
taming out a prodnct hi the shortest time it tninimma cast, 
there is a tendency to division of labor Han empower in 
being replaced to a great extent by rwhiuvry. The manu¬ 
facturer is no longer concerned with the training of workmen 
on a wholesale scale. IFe Buds that on account of the sub¬ 
division of labor, the dufling of apprentice* from one ma¬ 
chine to another m order to train them as all-around men, 
has a tendency to break up the efficient organisation by les¬ 
sening the production |kt man. The journeyman working 
on piece work has not the time to teach the beginner, and 
in addition feds that the beginner may Ircome a future 
rival by flooding the labor uurket and reducing the pay. 

The average Amerinui bay will not sulmrit to a loqg ap¬ 
prenticeship of seven year* of low wages in order to receive 
a thorough training, lie inherits the spirit of the age, 
which is to receive the highest irawdlde return for the least 
expenditure of Libor. The result k that the American boy 
enters other fields, the distributing rather than the produc¬ 
tive branches of industry. Then again it is a question 
whether there is sufficient content b any trade as organized 
to-day to warrant n boy spending seven or even four years 
as an apprentice. Nevertheless, every manufacturer realizes 
that the progressive development of his line of manufacture 
demands the training of a certain number of drilled mechut 
ks to be future foremen, etc. 

Apprentice school* are established by manufacturers to 
meet this need They oiler definite rourara from two to five 
years in length- 'Hiework is both shop practice and th*wy« 
The shop practice is given in the shop under a foreman, and 
the theory or related trade and academic work is given in A 
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eh»room not fit fiooLt the Aop, aad on the employer'* 
time. 1 

The erartircfc] method of production, porticuMj' tha 
workman's time, v a factor in the cost of production. An 
analy«s*of industry will show that production depends 
upon three 1 Factory speed, accuracy, and fitness ol the in¬ 
dividual worker, Speed and accuracy on be attained by 
mechanical practice. Fitness is the ability of the operator 
tor that particular occupation, and depends ui a large 
degree on the mental attitude of lie q*rabr toward his 
work The proper attitude of the worker toward his wort 
determine* the proper planning and guidance of the work, 
rt that the greatest return may bo obtained far the energy 
eKpcmld by the worker. This means that the greatest in¬ 
dustrial efficiency can be obtained only when every worker 
Ih trained w as b have on intend, in his work, which 
mcuEts n|)prcciutioa id lime* elM, and material, and this 
can be dime only Ijy putting every one through a course of 
training that w ill give Lath practice ntid llioory, as to the 
beat method of jurfonumg the work, reason For each step, 
knowledge of materials used, and care of self wink perform¬ 
ing the work. To illustrate: A cotton manufacturer desires 
to employ a nnmtar of pfckcTu and carders. A number of 
mm wlio hare recently arrived in llib; country, with no 
mill experience, appfy for the iHisiLbiu. Tlie usual method 
ol training these men eonaitb of placing them at work im¬ 
mediately, with a few directions in the form of ,f don’ta" — 
"Don't place your IlmkI here,'* etc. The curator soon 
Uamies interested b bis work mid forgets tie directions 
given to him, unintentionally places his hand on the wrong 
put of the machine and finds Hint be bus lost a finger or 
two. He ii sent b a hospital end the total cost to all co» 
toned will average quite a sum. 

' j See;»#4 Btt be ww o1 itud^- 
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A more efficient pbn of trailing mold bo to place bin 
With others ia a department or put of a mill net ride for i 
School* iinder the direction of on instructor, whowill^eipkin 
la supple language the purpose of thwopentian, hqpto op¬ 
erate tie machine* the names of the different parts and the 
dangerous puts of the machine, Id the crane of a week 
under this form of instruction, the individual mil become 
a mere efficient worker* nt less expense to the maoufaetmtf 
and to himself. Well-trained labor will handle efficient toola 
and machines* ao as to reduce the waste and increase the 
production. 

In order to meet tills difficulty some manufacturers haw 
instituted a shorter course of q>prcntkcslii]) which trains 
for a narrow range of work and fits only for spend lines, 
The worker may be relied n hol}Kr» assisting the journey¬ 
man, performing unskilled work and watching the operations. 

QUESTIONS FOR DlSftiSSKW 

t. Is it possible far ajiiniJifeuEi lo-day to l«ecw u effictsrt cm±m>- 
cd engineer by norkina under hi txpcricnwl mcduBkil tngfater 
WitluXlt at±tradii^ d*y 0^ [l it il pwfak *hjf J it 

not cKnfll out today. 

& Why wu tbr dereJopmctit of roflefrr pwie tecbriciJ icSooti slower fa 
England than on tbr CmaUnflit and iil tfr Yatiti 3t*|ea? 

£ Compart Ur tnUinf ot a meduiuad oigi mm fa franco with that 
of tie training mdvfid bi tie United States. 

4 . England has vtry fav students otteixlityi day tfEtoiW {has ran* 
pared to the nunt*r atlMdsite fwtnfaijtJstek. Ooopan Him au¬ 
dittorn »iti tfaw sf AiKnci. and Ute jhbhii foriay dftqctt 

A. WhU advantage might tie gaiHdtPrertiKpnfranfitadHa for me* 
efautaJ «Fnmfag in a rdiffle psdf fadinbul school if t «Ufa 
laninl of jwttWl enienmoe vttt given at tie outset aid it fat&* 
Vth dwfag tie HWIK? 

a What are tie advantage* ud di* dvontogH fa gjifaf tattfiaol fa- 
stnefrafa adnua of pmrtifJ (M»icnKt 

ft It baa l«n mortal that students Acrid enter pnfonoalagtfidi 

r — flat tl* a CothfC fadiutrid scfcwl — only »ft<r to»f ptsc&ri 
parisoa fall* Made or iadutry, MntialtaMiwtiieiiidffi* 

rl knA m Jijfiflj 1 
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ft U tbi gl^lw Ainnsl hT^-vdiool wstmclH ta popib ik 
tb; iod&vtrkl count? Do Ik bdiBbid jrapdb mint q> to tbfr 
tMtiouJ lUafadi of higtucfrool pupiliF 

ft Ph# i dtotfrun dwnlnf Hit tiffitront ek■«* of nn rn^id in ■ 
kfp toduty tnd Mate die iutftntieit « type of school tbit i» to 
(in (Aon Ihe lecwuy tniirnj. 

1ft CospffB tin tn* of jwing nun found in n ifop miUi the type of 
jtug tuh foacd in (be drolting-roota of in iudiutry. 

11. Which type at bop in (pKstbn 10 mil conform lo Ik itudirdi of 
Ik rcfukr fclgfr-tdut nunc? 

1ft Li then * piece far lit iB-duy huhtftkl jcImm? far haya helmn the 
igu of fourteen tad giitott? 

13. Wat*rt unroof IkdUfriAtic*toteortmmeMoroischoolqfrtrri 
an coSpertte with maDufflttntfri hi r^»nl la tnwni ^prtntlmf 

1 ft l^kthcdilleHDcekLn^ncoSpcq^ieidiiiiiKofndiuqljoaiiid 
1 amtimmtion xckwIP 

LET OF REFERENCE MATERIAL FOR FUTURE HEADING 

* Jfaniif«^tMM f Ftorpoirtl /if htfatbial Edmtm C. It, Dooley. Nt- 

liaul EdoaHoa AturitlHn frwvdiDfn l#1i 

(A dicusjon of bdurttml cdufiiioo by an tdentor who bn 
Conducted vlwah Tor numufarturew) 

* fik Ctapnrti'M 1 if Irtdittintt! TVflwr'w A. D. Doul National 

Education At»citlimi lfror«dLm 

(A ducunion of the ^htiuc of education between the ikp end 
school) 

** GairinButifoi Srfumtt. Edwin (I. Code}'. NeJicmd EductUu Anh 
nboa. Proceethiifi, 191ft 

(K discussion of tbe typo of achsolii* for pupil* *ho lore octal 
it u ejify af*0 

* CWwia^ep behoof*. Board of Education of MaamchUfetbi Bulletin 

1IU. 

{OrfuicitioB, coma of study and mrlkdi of instruction of 
(mtinuelfon Hhooli in Munchaaetti) 

M Jfstdr 9wf Ponihilititi i/ Part-Ttm/ fliueafun. Bard of Education 
of ftfmuhiuitlii Bdktb, ISIS 

[lamtlptim of the need of put-time education in Ik j&da» 
bill dtiei nf hlaauhwlti) 

'Eiifatkif G,H- North- NetiondEduattaAMditu, 

Pwwdinp, lllft t 

(Ho aim ad nine of 1 technic*) hi|h tfhmt) 

* fndt Moob b EffTrjw F. L Glytnx United Sum Bmem of Edih 
eitiat Bdktin mM In Ulft 

(A fonfetufa of diff Croat types <jl technical «»d taafaW 
ktak 11 md by Mi. Gfyna) 
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'‘JndUtat Jrf&Wriin! Ddarin Ed**tfdn D*(Kfr 

flat fcUftLG qpud in 1II& 

(A AHipkU dnoiptjHi of dHkrenfc tpt*s af fadmtrinl ncboobj 
'* Rqvi ef C***Aifet m Piatt tf InJmtitt in PiK» &tvxtioL C. E* 
nidinnla. Nitionil fttmtun Auoottita. Ttoowfi^evlllt 
1 tA|nnliliKiiim«tiHim«id viWiilhMiydvcvtkq 
folbnd bp n rtrtnttt of Ihe purpose (J diUnfeit ndurtrial 
*t«[i} 

** bAnurtlto Isvtwirial Srlui \V II. Ebnn. National Society fir fa 
ftuM&n of liidiHtrinl ^timtion^ UW, 

(A Hirvvon mi tbf wrri hjkI vilsc of a Com pule inriuitrii] 
fcbuJ to take are of cMirea »hc *rt jln^luM with Uw mpAir 
•AkkJ ihpM 

*Ilf FiirMwrp JVnn f’ocijsfmi'hrr inipdtrp*! WwnrirtH M. El. Mc- 
Con. L'lutnl Slit* 1 * Unrmii of fttirotm ikilVtip No. #), Itlfa 
(A demfytuft of fa fait ooOprtnirft liigi^ctHol come) 



*CHAPTER V 

MGANEATION OF 1NDVSTQ1AL SCHOOLS 

Tm usual plan of organtaation for the college-grade mdu9> 
trial school, which is usually a private Institution, is to have 
a director or president who is the chief executive officer; a 
course or curriculum head who has chaise of each separate 
course; ahead of each dquirtmetil in the school and a group 
of academic and tet lmhal teuchmL Since the aim of this 
type of fldiool w not to prepare journeymen mechanics, wry 
lew ordinary trade (iiliop) leathers arc employed* 

Industrial education of secondary or lower grade is usually 
a port of the regular public school system and is supported 
by public taxation, with aid fmm Stale and National Gov¬ 
ernments. The chief executive officer in clia rgc of all voca¬ 
tional work should lie llir superintendent of schools, fa a 
small community, in onto to avoid any friction between 
the different typea of education. If the community is n 
Urge city, the control should 1 if centered in a director or va 
assistant superintendent of schools appointed to this work. 

The director or assistant superintendent should have a 
number of assistants. A pimi|a1 should be appointed for 
each building set apart for industrial training. Under the 
principal a number of Lends of departments should be se¬ 
lected, to develop the different departments of the school. 
Three distinct dashes of insEructoo arc employed in oq in¬ 
dustrial school, shop instructors, teclinicnl instructors, and 
academic instruetors, 

L principal of an induAlrial school should posses* the 
foDowing quilrfienticns; (n) a thorough academic teaming; 
(ty executive ability; (c) experience in public school work; 



(i) in sympathy with industrial edition; (e) a distinct in¬ 
dustrial point of view; (/) sufficient technics! and practical 
knowledge to administer industrial work- 
ft* head erf a department in on jj^minaf achoof should 
have executive ability, pravioua experience u an instnwtoe 
in the department or trade inwhich be is to id a! heed, and 
sufficient technical and pedagogical knonled^ 
the work of the department and to (isoat teachers in plan¬ 
ning the subject-matter to be taught. 

A shop instructor should possess the Mowing qualifica¬ 
tion!; (a) knowledge of his trade as full as that of a skilled 
journeyman; (6) knowledge of tlie technical method in use 
in the trade, together with a command of its drawing, maths* 
matin, and science; (c) general education not less than that 
represented by in eknienl&ry-school graduation or Its equiv¬ 
oke t; (d) technique of teaching and school administration; 
(e) application of the principles of teaching to industrial 
School problems; (/) persona! appuranctj that will appeal 
to boys; (y) not Icah than twenty-five nor more than forty- 
five years when he enters the work. 

Hie technical teacher, winctimra called the instructor 
of related subjects (npplied mul hematics, applied science, 
■ad drawing], should possess the following qualifications: 
(u) trade equipenent, understand the processes of the trade, 

■ ind the took tlml nre used; (t) *omc experience as a beadier; 

Co] a mend education equal to a liigh-whool education or 
Ats eqqfraJenU (d) special training in the subject or subjects, 
\ two yean beyond the highest grade of the industrial school; 
(a) ability to apply these subjects in a practical way to the 
bade problem*; (/) personal appearance that will appeal 
to boys. 

The academic teacher, sometime^ called teacher of too* 
Wuririal subjects, diouM possess the following quafiBa*-. 
1iq»: r {i0 appreciative knowledge of trade and iadnrfnd 
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ecwbtiotts, such u « knowledge of common took miehineg, 
ud prottaefl of the bade; (A) experkra u a vago^omer 
in jomf trade; (c) natural mechanical ability; (d) general 
edtKatjpn equal to two yvus beyond the high school; (e) 
ability to # nse material dawn from the trades in teaching 
nidi subjects as civics, economics, industrial history, ml 
English; (/) personality that wins the respect of boya. 

In addition to the al»vi\ teachers in trade dosses should 
he familiar with the ordinary prmci|)hs of teaching, how to 
prepare* lesson, aroiitacof study, and to present a lesson to 
a group. They should know howto leadi economically and 
efecthfty, when to use the group method, and when to usd 
the fodwidual method el instruction. The proper relation 
of the theory with practice the uses of the blackboard* 
models, charts, pictures, displays, references to handbooks, 
JujjwdSj and the uugnmaLl of home k^ons, are sumo of 
the essentials of the work that the teacher must handle. 

There are certain other personal qualifications that * 
successful teacher must have. He mu&t be punctual and 
regular in attendance, have a pleasing jieranality, the abil¬ 
ity to bring the instruction to bear upon the work of the + 
pupils, eotiperatiun with the shops and factories, and the 
social qualities that will win the respect and confidence of 
the pupils so that they will attend school regularly, 

The average journeyman mechanic nliea placed in charge, 
of a bade das? usually larks certain qualifications, such » 
the methods of presentation of the subject, knowledge of the 
theory, and an all-round knowledge of the trade. Eipai-, 
eue has shown that the foreman or overseer who has hod a 
certain amount of executive or supervisory responsibility 
pwuiusn the above qualifications belter than the jourwy- 
non- Therefore bide teachere as a rule should be selected ^ 
hum the ranks of foremen rather than journeymen. The 
«bp ind tedtfuc*] teacher* we the ana that give iftitrac* 
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tioa nfcich dnnrtJjr improves the efficiency of the student in 
bis trade and are often spoken of ns industrial nr vocation*] 
teachers. , 

The academic teacher is considered, on tbs otbef band, a 
non-industrial ar non-vocational teacher. Eiperientt shows 
that the academic teacher bos a definite place m full-time 
vocational schools tmd the general and commercial coatin' 
ustion schouk but fails to fit into the industrial continun- 
tian and evening trade classes. This may he due to the fact 
that pupils that attend the last two types of schools have 
very practical minds and am unwilling to study or pursue 
systematically the ordinary academic subjects. The in- 
atrudiou in English and civics must he Imparted in an inci¬ 
dental manner from lime te time, while the atudeute a« 
studying the technical subjects underlying their trades. 

The building used for an industrial school may be either 
* fodoiy or tLsdioolhnusc renovated, If a now building is to 
be erected, it is advisable to have the academic department 
in the front, and in the rear the shops; the front of tbe budd¬ 
ing will be nf replar school construction, and the rear port 
of mill construction; that is. brick walls and the timben 
exposed. 

An industrial school equipment should include equipment 
equal to that of mmmerrial shops. This may appear to be 
a difficult task, but nevertheless au effort should be made to 
have a variety of tools end macliincs. Many technical 
schools have made a great mistake in providing a large num¬ 
ber of tools and machines of one kind, thus sacrificing tbe 
variety ad machines. 

» It is advisable to have an industrial school dominated hj 
the needs of industry. Therefor^ every school should have 
advisory committees composed of members representing 
local trades, Industrie, And occupations* Eipetieqpe 
teaches that these committees should be cwopowdoi tefrifr 
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tentative people with little knowledge of the details of edi> 
cation*! worLLTbey may be organised V department* into 
committee* of two or three members, a representative of or* 
gBWzedlabor or employees, employers, and a representative 
dfieea, These committees, as their name suggests, ore 
advisory, and may Tender very effective service to the school. 

Hue school year of a day vocational school vanes from 
forty weeks of birtniotion, thirty-five honrs per week} five 
d^ys of seven hours each, to fifty wrekn, forty-four hours af 
instruction per week, of Eve and otic half day* of eight bourn 
each. About eighty per cent of the total time idjould be de¬ 
voted to industrial instruction, and ahout fifty per cent of 
this time should ho devoted to productive shop-work, under 
the direct control of the school. Tins leaves twenty per cent 
for general education. 

f One of the uio&L dllfrult problem* In the administration 
of a day industrial school Is t Etc large mortal ity factor. The 
trade course of an existing industrial school is two, three, or 
four yean in length, giving an allround training in the prac¬ 
tice and theory of the trade plus a good general education, 
A large number of pipits enter the school in the fall, and 
after they have attended about six month* or more, and 
have learned the name* of the tools, jmd are able to perform 
one f or two of the operations of the trade, they leave to re- 
cure a position, It is the opinion of Nut author that thii is 
due to one or more of the following causes: lack of proper 
organisation of course*, such as short unit courses preparing 
definitely fw some occupation in the semi-skilled trade*; 
link of proper encouragement from the parents of the boy 
while be a attending the school; and the narrow view of the 
l»y who cannot place deferred nlnwc immediate returns. 
Instead of the members of the family enrrnrniging him to 
finiah hi* oourre at school, they oh*** him to enter a poab 
tionwith a laj^e bjtifl] wage but with vwy little future. 
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In Order to mcrcaso Ur holding power of tie foduatrfd 
rhool without modifying the course of study, a number of 
industrial educators have act up a proewa of aeWction at 
registration, admitting pupils of hififc-scliool qualifications 
who will remain in school and finish the course, A large 
number of industrial departments of high schools have not 
been successful m training boa's for the productive side cl 
industry because they have set up the requirement^ such a* 
scholarship, ete, that exclude a group of young people who 
would make excellent workers. The graduates ol these 
schools enter the productive side ol industry, and remain 
Ear a few years, and thou become draftsmen, salesmen, etc*, 
in mechanical lines. They fail to remain in that phase ol 
industry for which they have been trained. The training 
for the distributing side of industry can be given in the ngu* 
Ip technical high school or corporation course, supplemented 
by a proper shop observation end experience, as outlined on 
page £07, moreeffirienlly than in nn industrial course* 

The problem of holding pupils in a day industrial school 
can be solved iE wc study the type of the great mass ol pro¬ 
ductive workers and adapt a short unit course to meet their 
Deeds. We hud that usually they fail to meet the require* 
meats cl the elementary school above the sixth grade, but 
nevertheless they possess certain physical and mental quill* 
tie*) such as muscular strength and mechanical inteDigeucgj 
that can he trained by imitation to meet the needs ol the 
ordinary occupations of industry and trade. It Is from this 
clan that industry must recruit its permanent wockert. 

The organization of part-time or continuation industrial 
dwma will be very similar to the regular day industrial 
school, except that the instruction must be more mtaoariy 
practical and closely allied to theihop. The practical work 
in the shop must be the basis of tk related trade know^f* 
in the school This require the services cf a teteber, called 
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A ctfidfutor, to tabulate the stop materials, hud and 
power tools, shop processes, ud other trade activities, that 
the chu^ooci teacher may know the content to impart' 
The <gqpaizntiod of, an apprentice school consist* of A 
supervisor of apprentices, assistant supervisor, atop fat* 
men, and hutiuctara* The supervisor of apprentices u 
directly responsible for ah general problems affecting the 
apprentices and supervises the school end shop training* 
Tto assistant supervisor is in direct charge of the school and 
is responsible to the RujKrviscr For jte successful operation. 

The shop foreman of apprentices is in charge of the ifr 
etiuctirm in the different phraes of shop-work, and the 
proper application of shop schedules. The shop instructor 
of apprentices acts ns an assistant to llic shop foreman and 
is responsible for the shop instruction of apprentices. 

Tbe school instructors conduct the apprentice school in¬ 
struction as outlined by the supervisor of apprentices. The 
organ [ration of an apprentice or corporation school is very 
similar to that of the regular industrial sdionl, except in tbe 
names of tho officials of the school as described above, 

'Hie problems and difficulties arc the same as those previ¬ 
ously discussed. Of course it must 1* tonic in mind that 
when a corporation is conducting a school, it is primarily in 
the interest of the industry, and the corporation feels that 
it is only bound to give sufficient academic education, or, 
totter still, the related trade knowledge, to make the appren¬ 
tice proficient in his trade, little if any attention is given 
to civic*, training of dlizeoaliLpi, and formal English. 

Application for siiprtiitic^iipijmiide on a fora rwpiiring 
uwrees to many questions. Thb application is looked over, 
and (he apprentice k generally given an oral, written, and 
examination. "Wherever possible, preference is 
given to som of employed. The apprenticeship k usually 
ttae or four yean in length. 
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Ihnbg the caune the pupil ncefrea a tnbbg b tba 
practice and the (teeny of the trade. The pnetk# is pro 
in fcbe shop and the theory U ^vea iu LEua acbooL Tfubaun 
m the woe m to the journeyman, ^mept to tof ham a 
noth when the apprentice Attends school on company time 
at Ik regular rate of pay, At the end or apirWu of ap- 
prenticeshipv those who ha vt satisfactorily completed the 
course receive a certificate, signed by the proper officials of 
the company. They are retained in the employ of the com¬ 
pany it the specified rate, nr at A higher rate; if the ability 
And service justify same. 

QUESTIONS FOB DISCUSSION 

1. Ecpkil why few nboji teadieii are ntpJnjed m s* industrial iduol 
af coilqp pidr, 

f. AfeiuftnirtOTi in rch«ls of Iftlunlugy talinal to njdain prinripH 

ii tamiof t>tycu*{trf 

0; Dow mM vsu pnmd to *lett a tendm Joi applied ■*>«( it a 
day iadutriil sebooH 

I. Why is it Mcrwiy for the prinxipal aw I bmrurtan in n Hcoubir 
■dwl to i*vt t jynjjalhrtifi uBdnstudloft of hnyi? 

. J h [»it pgedbfc to tun tbe mat rigid stnihlanl id a rtfptMlvt bdis* 
v trial elm, nod bold ihr pupil' h in Uk regulii bigh school? 

0. Why ii it ckwrabk to drltt anJnrtriat eiltieaUofl until tfir end of tbt 
period of Effufuboij general oloc&tkw, fourteen yeirt t£ m*? 

T. Hunt instructors in trak and bdiklmL acbooh claim you atwl 
teach n t»de to a boy until be readies the age of nhtr+ti. Whj? 

Si Wist objection may be marie against leaching a child of tea in be i 
Irdfle worker "piecef 1 ’? 

&. Does a uwte la eivici muni bduslrial tnuniiif? If ao, to wb*t 

fatal? 

lit fibpnld indnrt iifll and ilbttil rdmllan be combi aed? State tba 
advantage* and dbrndvantagfl uF such a plan 
lL r Haw ahkikl the time k diriijud betwern uidnatriil and Utatl 
education^ 

1L Should rtudn in an Inlntrbl nurse Ik Alternated \# tan, n b 
tbe refutnr Uftfi school or "bait the ifcy he so divided that on half 
may be given to ibop pnftite? 
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CHAPTER TI 

QBOANIZATION OV EVENING INDUSTRIAL TOOBfiffi 

Thi liistmy of trade and technical instructhm shows that 
originally organ bed technied instruction consisted of engh 
nOwing, mathematics, drawing, science (theoretical and 
laboratory practice), and wag provided for young appren¬ 
tices during the evening* This was due to the tradition that 
all students were expected to be working under some form 
of apprenticeship in the trades and industries and received 
the practical training b the sho|H during the day. The 
first form of technkd and trade instruction was naturally 
plumed to supplement practical experience by giving the 
related trade knowledge in the evening, England to-day 
practically provides very nearly all the technical instruction 
in the evening classes on this basis. 

While it is necessary to provide well-trained workers, it is 
also necessary to provide employers, manages, and foramen 
having the proper appreciation of the value of the techni¬ 
cal training of workers. TJie higher degree of training 
Q 'eces wry for the worker, tire greater lire need of lining the 
rtft* ldards of the managers, foremen, etc. Therefore it fa 
to have different grades of evening technical or 
mduitrKjai^ij^jjtliey are sometimes called, tttffl*- 
aimi coura^ ia well today schools. 

Evening Sdustml extension courses w evening industrial 
courses may ^ of the same grades as the day industrial 
sduxil, oodkge secondary. The college grades 

ning industrial seji.^ ^ bring the systematic study of 
sppM “i»“ wi ™S the T»di of young awn with »Wfr 
"W w its wb m (dljwioj i«Ua- 



■ n*^ BrotBimu,cocBffls « 

trial ptffliitB, and who desire to Jit themselves for blgbcr 
joaftiotu. but are unable to attend courses during the day H 
11 m Lowell School of Fortmansliip represents ou evening 
technical school of college grade, 1 
Evening school instruction has been. and probably will be 
'or a long tifaft to come, the only feasible form of organized 
public [astmtiou for v/erkin# boys and men, InohteftQ 
ihow the relation between general evening wkwla or opening 
choob of liberal instruction and national evening imrtmo 
ion [including industrial dosses, given under the public 
cfaoot syitem), it may be well to outline a plan showing the 
raet Motion, 

Evening instruction under these two divisums may be 
>utlrod as follows: 

L General or liberal edncation. 

I. Regular elementary Rrtde fdifuJa fur thore whiting 
to complete the de niLiilary whml course. 

IX General course [ungraded] for 
o. Illiterates, 
t.fbreigocn. 

nL Regular lljgt-schogl hhiium Fnr Ifinw wishing to com- 
piete the highjehoot wi irk dong tl* Mloning lines: 
ff. College preparatory nounc. 
h. Commercial course. 
c> Classical count 
£ Technical course; 

1. Counts for boys ink drain- to I* "handy." 

S, General technical course (technical train, 
bag to enter a drilled tine qf work}. 

IV. Recreational rounm 
B. Voatuni counts. 

L Trade preparatory cmhumi 

Desire of lulEcient training to enter from a tilM* 
alloy to a sltjM nnpltyrnttiL 

IL hade extension counn. 


1 See pace HU fur wane of 
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In Addition to the college grids, MOunduy and inter¬ 
red late industrial dosses should he established, The sec¬ 
ondary dass is for those who desire to learn more about the 
practice and theory of the bade. The intermediate din 
is for beginners who are in unskilled lines and wfio desire 
to learn sufficient practice about a skilled tredte toobtlin 
a position. The secondary evening industrial danes are 
sometimes called trade classes or trade extension classes and 
represent one of the most important divisions of industrial 
education. 

The organiKttion of evening industrial classes should be 
under a principal or director, with a corps of shop and tech¬ 
nical instructors, The qualifiratinna of the principal and 
instructors should be at least those required of the principal 
and instructors in day industrial schools. 

Since evening school work is starting, only those teadters 
bIkhiM be selected who are physically strong and robust 
As ah forms of evening instruction are more or less of a social 
problem, it is very important that teachers should he imbued 
with a real desire to assist their pupils, os well as to know the 
subject of instruction. They should know all the members 
of the daw, be able to assist them with advice and to arouse 
the tired pupils by enthusiasm. All this requires a great 
deal of energy (physical) cm the part of the teacher 

Evening trade instructors should possess a trade training 
pins a combination of personal qualifications to deal wisely, 
cheerfully, and sympathetically with tired apprentices. It 
is customary to select evening instructors from the day 
school force. While this is often advisable in order to pro* 
veut teachers from having conflicts over equipment, it does 
not always give the best results. The most efficient day 
wheel teachers often fail to give Hv best results in evening 
dunes. This is due to several reasons; evtcing trade pupils 
ire usually tired apprentices who attend ichod with Vdy 
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detente Jdeai bs to whatthey require, They dcaire inalnie- 
tiim which wili lead to definite needs, usually tome deficiency 
in their daily occupation or a desire to secure u promotion. 
Thercfnfc aveciug limit teachers require, first, a large social 
dmocratic*piritu second, the ability to interpret the needs 
and desires of the pupils who attend the evening achoob. 

Trade dtenston courses Iiavc usually been plumed as 
two-, three-, or four-year course Students have Wn 
placed in either tike first, secmul, third, or fourth year 
according to their ability. The records of evening trade 
ebass under the above organization liavt not lieen satis¬ 
factory. The mortality of students Las been very great 
Investigations have disclosed a number of weaknesses m the 
evening school organisation, such an incompetent teachers, 
poor organization, classes not adapted to needs of pupils, etc. 

Apprentices and tradesmen demand llrnt the matruction 
shall lead directly to the specific tilings they want to know. 
If they are obliged to sirad a mouth or more on preliminary 
work the value of wliHi they do not immediately discover, 
they mD soon become discouraged and leave. Then again, 
mechanics and other tradesmen uliu may* pcrliaps, hav$ 
some reputation b their trades, anil wlm wish b perfect 
thenreelveg in certain technical lines, dn net wish to be 
grouped with yotmger persons, fivling that such persons, 
having come recently bom the public schools, are aide to 
answer questions, use better English, and appear to better 
advantage than they. In other words, adults are of ten sen¬ 
ator about the comparisons which die younger roembm 
a» opt to make at their expense, Therefore, ah trade stop 
dents tbould be cWified mb voc ational douses according 
to their trades* This idea canto out the plan of the old 
tnde guild of a few centuries ago. Each guild was formed 
to the purpose of social intercourse nod mental stimulus, 
Ewh bade had its mm guild, and the daily trade aperient** 
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of etch member became (he prop^ty of all member*. DU’ 
cuwuutf relating to the practical at their chosen bide occu¬ 
pied their attention, So to-day workmen have* common 
trade interests, and should be grouped according to their 
occupations ao that they may have so opportunity to talk 
over those interests. 

Since when usually attend a technical cbm in order to 
satisfy a definite need, the instruction nkould be divided into 
a scries of units, cadi unit rqwscntinj* a definite trade 
fynd. To illustrate: a jwtehme-sbop course may be divided 
into the following unit courses; 

1, lathe work, and the use of mewuriag 
instnini'nlsL 

4. .Screw-cutting. 

3. Hotter an! draper q tenting. 

4. MjllinR-marhici^ ^tenting, 

a. Tnd nml die work 

p. Ji£B. fixtures, ami machine tuadmtim, 

7 . J^luK^hojJinslJhiniUiifl. 

8. DJiiopriiit mtrling and madam drawing 

for ludibiaU. 

9. Tod Jdagn. 
lOt Tod forging 

Each unit course-may consist of sixteen lemoni of two 
hour* each distributed over eight weeks. An applicant may 
enter any one of the above unit courses and meet h» imme¬ 
diate need. He may desire to continue in otter unit com*B 
after be has seen tk value of his first course. 

Of course it is possible to have full couiseo composed of 
multiple units. There arc some students who desire topur- 
lue a vocations] course covering from two to four year?. 
Therefore unit courses should be wronged in saqu^pp 
to that it ii possible far a student to obtain a ooutplfftjB 
knowledge of the trade by attending a number of ytitL 
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five ilng ttade dieses present so many new ritufiticus ind 
tisw problems to be k>M that it is necessary aod vary es¬ 
sential that the faculty should have frequent dnmriora 
daily lesion outlines odimmcographed sbeots, the problem 
prepared bp the teachers mil used ta a guide and a summary 
by the pujuk Pupils m evening trade extension dines 
should not be graded or grouped as are the regular pupils Id 
the evening schools. An effort should be made to determine 
whether a pupil cm protit by the course. Regularity of 
attendant should be insisted upon, and absences excused 
only on account of sickness or work. If a pupil fails to 
attend regularly seventy-five per cent of the evenly, he 
should be dropped^ and should not be reinstated until the 
opening of the neat unit course. Trade classes should not 
be in session over two evenings a week, and those evenings 
should not be successive. An mdivklual card should he 
kept for every member of the dasa, Or* 1 side of the card 
should contain the history of the pupil, and on the reverse 
aide the attendance) the amount of work done, and the 
thne devoted to cadi project- At the cud of the year these 
records should be transferred to a larger card, called a life 
card, which becomes a permanent record. 

In order to mate abort unit courses successful it is abso¬ 
lutely necessary to have the courses properly advertised. 
Hus brings up the wry important question of the advertise 
meat el trade extension course*. These courses should be 
widely advertised through circulars distributed to mechanic! 
find tradesmen through the daily newspaper, and by means 
cf porters placed in conspicuous iwtdtiona in the shopi and 
factories, large, attractive posters should be placed o*i the 
walk near the elite and, entomb of shups and factories 
railroad stations ferry dips, dubs, unions and schook 
Notices should appear frequently in technical journals, in 
*«SfiJ bullrtioi, and in paper* iaiued by large corporations* 
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Slide! ahowhkf the value of tnde ntinmim coma should 
appear m the moving-picture houses Once « year the 
school should have a public day; that is, the rchoolfchonJd be 
open to the public with the equip client and planf miming. 
The principal and instructors should be present to explain 
to the visiters the different deportments hi the school. An 
evening it the close of the term should be devoted to an ex¬ 
hibition; of tbe work accomplished and a special invitation 
should be extended to journeymen and apprentices. In 
addition — the principal should address various civic bodies 
and labor unions on tta value and need of trade extension 
duns, and make personal vitfis, regularly, to the local 
shops and Indus Lriw, and trvwL the foremen and overseers 
and ask them to encourage the workers to attend the evening 
trade classes. It is very important that the wording of all 
circular*, pastas, etc., sJuiuld be expected in a concise, at¬ 
tractive form. To illustrate; instead of shop mathematics) 
use arithmetic for machinists arithmetic for carpenters, etc. 

A deposit should lw require! for admittance to trade ex¬ 
tension anuses. It is a sign of good faith and is a guarantee 
against irregular attendance, breakage, stealing, and misuse 
of matcriak This dqmt should be returned at the end of 
the term if the pupil lie* attended regularly, has properly 
used materials, and returned books and instruments, A fee 
of one dollar for each course would be sufficient 

In order to maintain a uniform attendance it Is a good plan 
to have various employer* visit the school and moke their 
appearance on the platform before tbe assembled dnstti. 
An effort should be made to have employers address the 
rtudatfs and show tlie value of tide type of education, am- 
derating H possible personnl references, A list of employees 
who have attended the school, with a record of their prag¬ 
ma mad attendance, should be rat to employer*, so that 
they can reward ia a substantial way tbe att emtaure at tbe 
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trade kM by jmmwtran, some form of preference, or by 
increase in wages* 

When a student is absent i card should be sent to him, 
and iffce does not resend, a letter should be sent to til em¬ 
ployer or* visit inode to the shop. 

Since there are many occupations tJiat are highly apodal- 
ized and which do not posses sufficient content to give s 
course of study aver several yearn, ilia necessary to provide, 
[a addition to Llie evening trade courses, a form of recreation 
that trill appeal to the working pupils. In order to cany 
on this work successfully, trained tmchcro should be pro¬ 
vided who arc able to mingle cosily with working people, 
Bod, above all, they should Lave tlw power of leadership for 
al forms of recreational work, front free play and folbdano 
big to clubfl and lecture* This work requires a strong 
leader, a person who leads but keeps himself os one of the 
crowd, thus putting the leadership as little in evidence u 
possible. These activities ore of tremendous value in in¬ 
culcating the art of <ttti|>eraticn], civic and soda] respond' 
bllity, and social good feeling, and should have their share 
of attention in evening schools, especially in industrial dis¬ 
tricts. Pupils should lie taught as far ns possible to Utt 
their own homes for amusements. The schools diould have 
rooms, halls, gymmuimiu, etc. r with furniture and supplies 
far games, reading-rooms, rccrcatiou-rooms, and moving- 
pictures. Coses sliduld be arranged so as to accommodate 
n group or groups that have com^joudmg interests. Atb> 
fetic gamea^ouJd group together those best suited to play 
together. Table games and story-telling and folk-dancing 
nil wed grading, hi a sense, so ivs to keep a reUtivdy keen 
interest 1 # 

Intermediate evening trade dosses arc sometimes called 
cttaing trade preparatory dand are for those who 
1 tow for eouw of *Mf. 
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im* to enter a skilled trade, Smcfc the students in thfc 
tr^pr^it^clisKahAv^iwtl^^triukeipi^wicej 
most of tbe instruction should be in the shop* 

QUESTIONS FOR DISCUSSION „ 

1. A nnroW of jawmioeiit En^M t«*ckcd kHqcI edietton Aim tkt 
itadUfaill toohtnin i luffs enrollment of diy Hudavt* IntodmicaJ 
■ehwb. Gi™»meof tberowma llii condition tniti. 

L Wkt am the reuwa for 6e iintwl demand be enmng kWi 
during Ik htf few yean? 

1 Ii m PTfuiug niiTK in minhini^ihnp Humy dor rflectm thu a 
canfvofaxtt wbfk in the <dtw aiiijrclF TVtj ? 
i EspUia tint tdruihga mi! fhadnnltpfl of #W unit m«*H cov- 
&inf t nnmbei of evening* »nd Ml counsel ecTtfiig lip pm v 
Oort. 

«. Sqggetf twniqi counci for (slton-radt twkm 
0- Suggcti ewranij annn lor ekrtriul ratal 
7. Erpl*k owning tqdr LMtruction fatyttimg peoph «t?it Con¬ 
tinent of Eiiope ii not p^imlir Compare the tengthof tkmrioig 
on tk Continent of Europe *itli Hud of the Iliited Stitef. 

4 Bm on evening jrfim3 buotai of tude mihjMs be kept to inti' 
mtt rtiiitMt with the priftiea] requirement! of Ik bida Iky m 
tatJungF 

4 THiat i» U»p nwat effocti«: mKDd of C“) cpettlna sltop tAacbAi 
(£) tventoti tcdminl teackn? 

ID. Wbt ii tk purpo* of an ulvtaty Wd for ui evening bdiatzid 
ached? Durw mny they be atIfftftlf 
11. Wktu the most tflective method of giving enduing initmctoa tnie 
Bupnw ip eJ 

U, Wl*t art: lU 94^T£j« HY*ikU« lo* bdmtnil education b tbc vm%* 

tV. Wkt m tie qunliflnrtin™ rtpurod for a direeto* of [4 n 
pnpuitay tftde nfrnb {b) o conlimutimi adact; (a) id erainf 
fade admit 

14 Wkt in EM oniliSaUivi* inquired for ■ kid tf i nm t lw i lirp 
department in fu) u trccinf trito itfcool; (i>)*co^Mtta *b»lf 

LIST OF REFERENCE ilATETUAL JOB FUTURE READING . 

**SmfCfxAt Emi*i Mud Br* lt<* A* cf A* Wy+Watot 
J A, fTLttrr. NtU«d Sotaty for Ik Pnmotta ef hdttarM 
ldwtU(& ' ' 
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CHAPTER TI 

QBOANIZATION OV EVENING INDUSTRIAL TOOBfiffi 

Thi liistmy of trade and technical instructhm shows that 
originally organ bed technied instruction consisted of engh 
nOwing, mathematics, drawing, science (theoretical and 
laboratory practice), and wag provided for young appren¬ 
tices during the evening* This was due to the tradition that 
all students were expected to be working under some form 
of apprenticeship in the trades and industries and received 
the practical training b the sho|H during the day. The 
first form of technkd and trade instruction was naturally 
plumed to supplement practical experience by giving the 
related trade knowledge in the evening, England to-day 
practically provides very nearly all the technical instruction 
in the evening classes on this basis. 

While it is necessary to provide well-trained workers, it is 
also necessary to provide employers, manages, and foramen 
having the proper appreciation of the value of the techni¬ 
cal training of workers. TJie higher degree of training 
Q 'eces wry for the worker, tire greater lire need of lining the 
rtft* ldards of the managers, foremen, etc. Therefore it fa 
to have different grades of evening technical or 
mduitrKjai^ij^jjtliey are sometimes called, tttffl*- 
aimi coura^ ia well today schools. 

Evening Sdustml extension courses w evening industrial 
courses may ^ of the same grades as the day industrial 
sduxil, oodkge secondary. The college grades 

ning industrial seji.^ ^ bring the systematic study of 
sppM “i»“ wi ™S the T»di of young awn with »Wfr 
"W w its wb m (dljwioj i«Ua- 



■ n*^ BrotBimu,cocBffls « 

trial ptffliitB, and who desire to Jit themselves for blgbcr 
joaftiotu. but are unable to attend courses during the day H 
11 m Lowell School of Fortmansliip represents ou evening 
technical school of college grade, 1 
Evening school instruction has been. and probably will be 
'or a long tifaft to come, the only feasible form of organized 
public [astmtiou for v/erkin# boys and men, InohteftQ 
ihow the relation between general evening wkwla or opening 
choob of liberal instruction and national evening imrtmo 
ion [including industrial dosses, given under the public 
cfaoot syitem), it may be well to outline a plan showing the 
raet Motion, 

Evening instruction under these two divisums may be 
>utlrod as follows: 

L General or liberal edncation. 

I. Regular elementary Rrtde fdifuJa fur thore whiting 
to complete the de niLiilary whml course. 

IX General course [ungraded] for 
o. Illiterates, 
t.fbreigocn. 

nL Regular lljgt-schogl hhiium Fnr Ifinw wishing to com- 
piete the highjehoot wi irk dong tl* Mloning lines: 
ff. College preparatory nounc. 
h. Commercial course. 
c> Classical count 
£ Technical course; 

1. Counts for boys ink drain- to I* "handy." 

S, General technical course (technical train, 
bag to enter a drilled tine qf work}. 

IV. Recreational rounm 
B. Voatuni counts. 

L Trade preparatory cmhumi 

Desire of lulEcient training to enter from a tilM* 
alloy to a sltjM nnpltyrnttiL 

IL hade extension counn. 


1 See pace HU fur wane of 
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In Addition to the college grids, MOunduy and inter¬ 
red late industrial dosses should he established, The sec¬ 
ondary dass is for those who desire to learn more about the 
practice and theory of the bade. The intermediate din 
is for beginners who are in unskilled lines and wfio desire 
to learn sufficient practice about a skilled tredte toobtlin 
a position. The secondary evening industrial danes are 
sometimes called trade classes or trade extension classes and 
represent one of the most important divisions of industrial 
education. 

The organiKttion of evening industrial classes should be 
under a principal or director, with a corps of shop and tech¬ 
nical instructors, The qualifiratinna of the principal and 
instructors should be at least those required of the principal 
and instructors in day industrial schools. 

Since evening school work is starting, only those teadters 
bIkhiM be selected who are physically strong and robust 
As ah forms of evening instruction are more or less of a social 
problem, it is very important that teachers should he imbued 
with a real desire to assist their pupils, os well as to know the 
subject of instruction. They should know all the members 
of the daw, be able to assist them with advice and to arouse 
the tired pupils by enthusiasm. All this requires a great 
deal of energy (physical) cm the part of the teacher 

Evening trade instructors should possess a trade training 
pins a combination of personal qualifications to deal wisely, 
cheerfully, and sympathetically with tired apprentices. It 
is customary to select evening instructors from the day 
school force. While this is often advisable in order to pro* 
veut teachers from having conflicts over equipment, it does 
not always give the best results. The most efficient day 
wheel teachers often fail to give Hv best results in evening 
dunes. This is due to several reasons; evtcing trade pupils 
ire usually tired apprentices who attend ichod with Vdy 
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detente Jdeai bs to whatthey require, They dcaire inalnie- 
tiim which wili lead to definite needs, usually tome deficiency 
in their daily occupation or a desire to secure u promotion. 
Thercfnfc aveciug limit teachers require, first, a large social 
dmocratic*piritu second, the ability to interpret the needs 
and desires of the pupils who attend the evening achoob. 

Trade dtenston courses Iiavc usually been plumed as 
two-, three-, or four-year course Students have Wn 
placed in either tike first, secmul, third, or fourth year 
according to their ability. The records of evening trade 
ebass under the above organization liavt not lieen satis¬ 
factory. The mortality of students Las been very great 
Investigations have disclosed a number of weaknesses m the 
evening school organisation, such an incompetent teachers, 
poor organization, classes not adapted to needs of pupils, etc. 

Apprentices and tradesmen demand llrnt the matruction 
shall lead directly to the specific tilings they want to know. 
If they are obliged to sirad a mouth or more on preliminary 
work the value of wliHi they do not immediately discover, 
they mD soon become discouraged and leave. Then again, 
mechanics and other tradesmen uliu may* pcrliaps, hav$ 
some reputation b their trades, anil wlm wish b perfect 
thenreelveg in certain technical lines, dn net wish to be 
grouped with yotmger persons, fivling that such persons, 
having come recently bom the public schools, are aide to 
answer questions, use better English, and appear to better 
advantage than they. In other words, adults are of ten sen¬ 
ator about the comparisons which die younger roembm 
a» opt to make at their expense, Therefore, ah trade stop 
dents tbould be cWified mb voc ational douses according 
to their trades* This idea canto out the plan of the old 
tnde guild of a few centuries ago. Each guild was formed 
to the purpose of social intercourse nod mental stimulus, 
Ewh bade had its mm guild, and the daily trade aperient** 
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of etch member became (he prop^ty of all member*. DU’ 
cuwuutf relating to the practical at their chosen bide occu¬ 
pied their attention, So to-day workmen have* common 
trade interests, and should be grouped according to their 
occupations ao that they may have so opportunity to talk 
over those interests. 

Since when usually attend a technical cbm in order to 
satisfy a definite need, the instruction nkould be divided into 
a scries of units, cadi unit rqwscntinj* a definite trade 
fynd. To illustrate: a jwtehme-sbop course may be divided 
into the following unit courses; 

1, lathe work, and the use of mewuriag 
instnini'nlsL 

4. .Screw-cutting. 

3. Hotter an! draper q tenting. 

4. MjllinR-marhici^ ^tenting, 

a. Tnd nml die work 

p. Ji£B. fixtures, ami machine tuadmtim, 

7 . J^luK^hojJinslJhiniUiifl. 

8. DJiiopriiit mtrling and madam drawing 

for ludibiaU. 

9. Tod Jdagn. 
lOt Tod forging 

Each unit course-may consist of sixteen lemoni of two 
hour* each distributed over eight weeks. An applicant may 
enter any one of the above unit courses and meet h» imme¬ 
diate need. He may desire to continue in otter unit com*B 
after be has seen tk value of his first course. 

Of course it is possible to have full couiseo composed of 
multiple units. There arc some students who desire topur- 
lue a vocations] course covering from two to four year?. 
Therefore unit courses should be wronged in saqu^pp 
to that it ii possible far a student to obtain a ooutplfftjB 
knowledge of the trade by attending a number of ytitL 
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five ilng ttade dieses present so many new ritufiticus ind 
tisw problems to be k>M that it is necessary aod vary es¬ 
sential that the faculty should have frequent dnmriora 
daily lesion outlines odimmcographed sbeots, the problem 
prepared bp the teachers mil used ta a guide and a summary 
by the pujuk Pupils m evening trade extension dines 
should not be graded or grouped as are the regular pupils Id 
the evening schools. An effort should be made to determine 
whether a pupil cm protit by the course. Regularity of 
attendant should be insisted upon, and absences excused 
only on account of sickness or work. If a pupil fails to 
attend regularly seventy-five per cent of the evenly, he 
should be dropped^ and should not be reinstated until the 
opening of the neat unit course. Trade classes should not 
be in session over two evenings a week, and those evenings 
should not be successive. An mdivklual card should he 
kept for every member of the dasa, Or* 1 side of the card 
should contain the history of the pupil, and on the reverse 
aide the attendance) the amount of work done, and the 
thne devoted to cadi project- At the cud of the year these 
records should be transferred to a larger card, called a life 
card, which becomes a permanent record. 

In order to mate abort unit courses successful it is abso¬ 
lutely necessary to have the courses properly advertised. 
Hus brings up the wry important question of the advertise 
meat el trade extension course*. These courses should be 
widely advertised through circulars distributed to mechanic! 
find tradesmen through the daily newspaper, and by means 
cf porters placed in conspicuous iwtdtiona in the shopi and 
factories, large, attractive posters should be placed o*i the 
walk near the elite and, entomb of shups and factories 
railroad stations ferry dips, dubs, unions and schook 
Notices should appear frequently in technical journals, in 
*«SfiJ bullrtioi, and in paper* iaiued by large corporations* 



a mmmi tovarm 

Slide! ahowhkf the value of tnde ntinmim coma should 
appear m the moving-picture houses Once « year the 
school should have a public day; that is, the rchoolfchonJd be 
open to the public with the equip client and planf miming. 
The principal and instructors should be present to explain 
to the visiters the different deportments hi the school. An 
evening it the close of the term should be devoted to an ex¬ 
hibition; of tbe work accomplished and a special invitation 
should be extended to journeymen and apprentices. In 
addition — the principal should address various civic bodies 
and labor unions on tta value and need of trade extension 
duns, and make personal vitfis, regularly, to the local 
shops and Indus Lriw, and trvwL the foremen and overseers 
and ask them to encourage the workers to attend the evening 
trade classes. It is very important that the wording of all 
circular*, pastas, etc., sJuiuld be expected in a concise, at¬ 
tractive form. To illustrate; instead of shop mathematics) 
use arithmetic for machinists arithmetic for carpenters, etc. 

A deposit should lw require! for admittance to trade ex¬ 
tension anuses. It is a sign of good faith and is a guarantee 
against irregular attendance, breakage, stealing, and misuse 
of matcriak This dqmt should be returned at the end of 
the term if the pupil lie* attended regularly, has properly 
used materials, and returned books and instruments, A fee 
of one dollar for each course would be sufficient 

In order to maintain a uniform attendance it Is a good plan 
to have various employer* visit the school and moke their 
appearance on the platform before tbe assembled dnstti. 
An effort should be made to have employers address the 
rtudatfs and show tlie value of tide type of education, am- 
derating H possible personnl references, A list of employees 
who have attended the school, with a record of their prag¬ 
ma mad attendance, should be rat to employer*, so that 
they can reward ia a substantial way tbe att emtaure at tbe 
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trade kM by jmmwtran, some form of preference, or by 
increase in wages* 

When a student is absent i card should be sent to him, 
and iffce does not resend, a letter should be sent to til em¬ 
ployer or* visit inode to the shop. 

Since there are many occupations tJiat are highly apodal- 
ized and which do not posses sufficient content to give s 
course of study aver several yearn, ilia necessary to provide, 
[a addition to Llie evening trade courses, a form of recreation 
that trill appeal to the working pupils. In order to cany 
on this work successfully, trained tmchcro should be pro¬ 
vided who arc able to mingle cosily with working people, 
Bod, above all, they should Lave tlw power of leadership for 
al forms of recreational work, front free play and folbdano 
big to clubfl and lecture* This work requires a strong 
leader, a person who leads but keeps himself os one of the 
crowd, thus putting the leadership as little in evidence u 
possible. These activities ore of tremendous value in in¬ 
culcating the art of <ttti|>eraticn], civic and soda] respond' 
bllity, and social good feeling, and should have their share 
of attention in evening schools, especially in industrial dis¬ 
tricts. Pupils should lie taught as far ns possible to Utt 
their own homes for amusements. The schools diould have 
rooms, halls, gymmuimiu, etc. r with furniture and supplies 
far games, reading-rooms, rccrcatiou-rooms, and moving- 
pictures. Coses sliduld be arranged so as to accommodate 
n group or groups that have com^joudmg interests. Atb> 
fetic gamea^ouJd group together those best suited to play 
together. Table games and story-telling and folk-dancing 
nil wed grading, hi a sense, so ivs to keep a reUtivdy keen 
interest 1 # 

Intermediate evening trade dosses arc sometimes called 
cttaing trade preparatory dand are for those who 
1 tow for eouw of *Mf. 
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im* to enter a skilled trade, Smcfc the students in thfc 
tr^pr^it^clisKahAv^iwtl^^triukeipi^wicej 
most of tbe instruction should be in the shop* 

QUESTIONS FOR DISCUSSION „ 

1. A nnroW of jawmioeiit En^M t«*ckcd kHqcI edietton Aim tkt 
itadUfaill toohtnin i luffs enrollment of diy Hudavt* IntodmicaJ 
■ehwb. Gi™»meof tberowma llii condition tniti. 

L Wkt am the reuwa for 6e iintwl demand be enmng kWi 
during Ik htf few yean? 

1 Ii m PTfuiug niiTK in minhini^ihnp Humy dor rflectm thu a 
canfvofaxtt wbfk in the <dtw aiiijrclF TVtj ? 
i EspUia tint tdruihga mi! fhadnnltpfl of #W unit m«*H cov- 
&inf t nnmbei of evening* »nd Ml counsel ecTtfiig lip pm v 
Oort. 

«. Sqggetf twniqi counci for (slton-radt twkm 
0- Suggcti ewranij annn lor ekrtriul ratal 
7. Erpl*k owning tqdr LMtruction fatyttimg peoph «t?it Con¬ 
tinent of Eiiope ii not p^imlir Compare the tengthof tkmrioig 
on tk Continent of Europe *itli Hud of the Iliited Stitef. 

4 Bm on evening jrfim3 buotai of tude mihjMs be kept to inti' 
mtt rtiiitMt with the priftiea] requirement! of Ik bida Iky m 
tatJungF 

4 THiat i» U»p nwat effocti«: mKDd of C“) cpettlna sltop tAacbAi 
(£) tventoti tcdminl teackn? 

ID. Wbt ii tk purpo* of an ulvtaty Wd for ui evening bdiatzid 
ached? Durw mny they be atIfftftlf 
11. Wktu the most tflective method of giving enduing initmctoa tnie 
Bupnw ip eJ 

U, Wl*t art: lU 94 ^T£j« HY*ikU« lo* bdmtnil education b tbc vm%* 

tV. Wkt m tie qunliflnrtin™ rtpurod for a direeto* of [4 n 
pnpuitay tftde nfrnb {b) o conlimutimi adact; (a) id erainf 
fade admit 

14 Wkt in EM oniliSaUivi* inquired for ■ kid tf i nm t lw i lirp 
department in fu) u trccinf trito itfcool; (i>)*co^Mtta *b»lf 

LIST OF REFERENCE ilATETUAL JOB FUTURE READING . 

**SmfCfxAt Emi*i Mud Br* lt<* A* cf A* Wy+Watot 
J A, fTLttrr. NtU«d Sotaty for Ik Pnmotta ef hdttarM 
ldwtU(& ' ' 
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CHAPTER Vn 

AN INDUSTRIAL SURVEY 

It is tkeccasaiy to experiment in industrial cdurttkic, as 
in other lints, to make progress, In order to work intelli¬ 
gently, it is necessary to proiiL by the results of oilier com* 
mimittes, and to obtain data upon which to experiment. 
Therefore, before establishing any system of industrial edu¬ 
cation, it is desirable to make a number of tavatigations 
surveys for the purpewe uf tklrriiiimng just wliat kinds 
industrial training arc required. 

The min questions to be answered by a survey are: 

1. Tu what extent is there a need for industrial cducatiun in the 
eommiinitj? 

2, To what extent ue the public school*, private igcfttici h rnd 
apprenticeship erua meeting the need? 

S* WJtat kinds ot LmliiElrial training otic nrcdrd? 

4 . Hew can coiipcratimn b* arranged between the schools and the 
trades tod iiuliwlrHsF 

A thorough study should be made of all the mduatriu in 
the community to determine the following questions: 

1. Whether thee is a content of technimt knowledge or skill in 
any job that evmut be acquired through routine wok for 
which special instruction is needed. 

ft If n, what ia it? 

ff. Whether it can best be imported by proviikma b*He fbe 
hkhutry. 

4. H not, whether it « worth while to provide wk instruction 

\ through outside agencies. 

A Iftlisutmo, tfhrtlKi' inch Snatrueti^jhoh take the form of-— 
& AD day industrial schools. 

A Trade schools. 

(L Fart-time industrial d*Wi 
i Evening dopes. 


& 3 



Ati INDUSTRIAL SOnVEV 0S 

5. ffbetbff thmareapy jnfofwwhirhU«notdoirflhle«tliH 
to dinci tie youth or to train Liu at public expose, 

, 7, Whit unnjber d new worker* could he prepared tor any job, 
it itbu a tsohible content, without oventockhig the mirkeU 
0. Wh§t kind of eqi$peat as to ngc and physical and mental 
assets should the worker hive for the jab? 

9. To whtft extent does the industry nclcct its woricai tor *uj 
job » at to secure those best ndaptnl to it? 

The answer? to the above questions will show the types 
ittd extent of the school neededi the courses of study to be 
followed, and the equipment and try-out necessary to cany 
through the aims and purposes 
It is coming to be recognized that in some industries the 
training of the workers should be as much a matter of trade 
agreements as Louis of labor, settle of wages, grievance 
boards, and other matter? which ultimately and vitally com 
rcrn both the employer and employee. These are dealt 
with by means of a joint agreement known as the “Pro¬ 
tocol/* Trade agreements may be worked out covering tbe 
allowing: 

L The condition? under whitli tiiw workers arc to be trotted and 
icraval into the t«dr or orni|uitkin. 
f. Ihe credit toward the jmtIchI of apprtnl.iri'sfup to be given 
any wune of training in the sohcrnl tilbcr bffroo w afts 
tjnpkyinent 

3 The training in schools m wdl eut slsop to be required of the 
apprentices after enjoyment, 

t The preference given la hical and trained worker* in liking 
and promoting in the trade and orcupaLi«u. 

A- FofleMttks and arroigcmcnU fur instruction durbg the dnU 
vara periods of trades. 

At ■ matter of efficiency every school system should take 
Boount d the social, economic, lnduatrial, nnd educational 
■enditkma m the community. Data should be at hand and 
wpl up to date. The superintendent or assistant roperin* 
eudent should be able to interpret the data collected and 
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m them to adviotogs Id devdbfrbg the scfcool lystant 
The foltowing suggestive ouiliiie may be used by attendance 
officers, investigators* and soda] workers in obtaining the 
information; , o 

1. Facts about the people. (While thu may be jtmewhat too 
induiive u a major dmMon, it ii uxd line in the repbricted 
Beogt of a single locality.) 

* Population extent. The itbole pugrom will depend 
much upon the see of the community* 

Migration, That is to say, whether or sot the pofuiln- 
tion of the city is stable or movable 
tf. Conditions u to lype* 

1. White or colored 
£. Native or foreign-boro, 
d IHitenry. 

£ Economic ketorfl* 

a Tai-ratc, local and State: the whole tax burden, 
b. The Indebltflnew of tlic town or cjty. 
tCondiitiuu of waste in thu cjqMiditur* of all public 
moneys* 

d Possibilities fur effecting roonomirt by n reorganization 
of the present system of fluent Eun, 
f. The amount of school fuuds d from whatever source, 
available for local use. 

& Industrial factors, 
a* Apprenticeship. 

(1) Mow extended. 

(«j Lock produced what result 

(3) Bow to supply luk. 

(4) Not needed because of type of labor employed, 
mature workers only, etc* 

b F Whether there is a content of technical knowledge at 
nldEI iu auy job that cannot be acquired tbmngb routine 
work, and for which special instruct km is Deeded. 

(1) If », whatifl It? 

(4) Whether it nn be heat imparted by proviso* b* 
ode tb« industry. ' 

(5) If net, whether it is worth while to prevail (of ttcb 
putroctioa through outside agencies* 



(4) H ttii b tpo, wbdta inch brt t ic ft * shall take 
the form of 

[a) AB day in Jutrnl jrfuMfa. 

(h) Trade sckwk 

t (ej Poat-lmie industrial rii&ca. 

(d) Evening claafie*. 

{0) Whether there are any joba tor which it 9 not 
deiirnhLc cftlire t*> direct the youth or to train him 
it pitliJie riptusc. 

(fl) Whit numlKT ul new workers could be prepared 
for any job* if lt lias a teachable content, without 
armtockinj! the market 

(7) Whit kind of L^iiipmcEit is to age end physical 
and mental assets the workers should hive for the 
job, 

(8) To what ertent doc* the industry select its worker* 
for any job-M) v* to secure those belt adapted to it. 

(9) Whether their market is overcrowded, 
f. School fautott, 

a. The number of children leaving school each year. 
k The TLatKwUrty, age, and pchouling condition of those 
withdrawing. 

t The economic randitiion of lliow witlifrawipg, 
d, The wages, number of jobs, kinds of rrork. and advance¬ 
ment of those withdrawing. 
a Gums of retardation. 

/. Causes of withdrawal. 
t» Education after Itaviog school. 

A. Means of getting a job, 

£ Comparative amount of idlcnru of non-graduate. grad¬ 
uate, and lligh-school grwrp, 

). The aim,character, and extent of prevocatidul training 
in the elementary schools. 

k. The limp character, and extent of manual training in 
elementary and high jehads. 

I He aim, character, and extent of the evening school*. 

Sine* the ptiUk achoo) system is eipeded to train jrapSi 
higNchooT age for the vocations in the trades and indn* 
^ follows m a corollary that this iikUiaLinrtnuta 
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> must be supplemented by Industrie guidajce, Otherwise 
the puUb schools mar be flooding certain trades with 
yotmg iiied, to an eiteat tbit there may be more applicants 
than poritkro to be filled Such a condition would be harm¬ 
ful to society and to the student. Therefore the mbst effi¬ 
cient lyitem of industrial education must mdode, as a 
preliminary touree, industrial gnidnnre, information and 
direction to young people, in order that they may be dis¬ 
tributed vocationally so ts not to have an excess of toman 
talent many one field. 

In the early history of the race, it was the custom in place 
the growing boy at work with his father, so that he might be 
taught from the experiences of Iris father. During the Mid¬ 
dle Ages the training in the apprenticeship was a direct pre+ 
liminuy to his trade. To-day parents do not erne to have 
the children follow the father's occupation, on account of 
the feeling that the rhildren should do better than the fattier. 
Hus is a serious mistake because children sometimes do not 
do as well as their tattlers, and if they followed their father*, 
they would be imbued with the industrial atmosphere and 
features of the trade. 

Yean ago, when each community was small, the indus¬ 
tries and trades were open hooka to earb hoy. It was not 
unusual, as we see from the life uf Benjamin FrenkEn, for a 
father to take his son at Ike age of twelve to the different 
shops, to we the men at work and to talk to the master- 
workmen. io a way of md^teial guidance, 

when be uya, in speaking of the true significance of man¬ 
ual occupations as a factor in education, that children 
should leum the most important principles of what goes an 
in the world around them, so that any special inclination 
toward things cl this kind may agrert itself with greater 
ease later on, 

TkrespomibiEtyfd preparing a young person for a voca* 
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tion for which he is fitted physically and temperamentally 
wffibennetftta moot serious duties imposed Gpon the pub- 
Uc school syirtem, beem^ eventually it means that the prol> 
tan of anpply and demand of labor and the problem of dis¬ 
tribution ofjhuman talent will be placed on, a correlated 
fith, the public school system of this country- This is me 
of the reasons why this vital problem should be solved in a 
careful, scientific way, with due regard to each person's apti¬ 
tudes, abilities, resources, and limitations, and at the same 
time taking into account the relation of these etannta to 
the antttuiiities and conditions of success in the different 
Children should be employed m positions 
fo^™p their health, capacity, and intellect best adapt 
tWu^if this is done, it means well-rounded and efficient 
PTMiha oJ and womanhood. Oo the other Land, an Occupa¬ 
tion gytjof harmony wflfi a young person's aptitudes and 
- capacities means inefficiency and a loss to both the employer 
and employee, A large number cl adults who prove to bn 
lailurts iu life can trace the cause to the lack of proper guid¬ 
on# in both school and juvenile employment 

The vocational direction or guidance department of a 
public school system should be a part of the organisation of 
the continuation school, and should be in charge of a director 
called t '‘vocational counselor ” This director should have 
foil power aver the granting of working certificates and pro¬ 
viding employment far young people who desire to go to 
wort 

A vocational counselor should be a person with a sympa¬ 
thetic interest in young people- In addition, be should have 
information in regard to the opportunities for work foe 
young people. In order to obtain this information, the 
counselor should have an appropriate peraonality to ap¬ 
proach employers, and the ability to do research work tad 
to organire this information in proper form for use, This 
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may be curried out by dividing vocation* into five luge 
ebros, the profession*], the canunendil, the egricultfllaL 
the industrial, and the household Under eachdasi we tray 
have divisions and tubdimota of ‘occupations nA record 
of qualifications nod of the supply and demuj of different 
positions should be on file. A chart may be made illustrat¬ 
ing the educational opportunities in the community- The 
lumy will show the positions open to young people by using 
data given on page (ft in the form of a chart which hu 
been used successfully by the National Society fot the 
Promotion of Industrial Education, 

In order that the vocational counselor may properly look 
alter the welfare of the individual child, it is necessary to 
know definitely the time the child should begin work and 
(be kind of work he is able to do. Physician* tell ui that 
the mental end physical condition should not be overbad* 
awed by being brought into we Wore the development 
adapted to such use is established; and on the other hand, 
that functions, both mental and physical, are weakened by 
not being brought into use when they are ready to be used* 
The mental development of the child should be carefully 
determined to see whether the child should be allowed to 
work. Before this is done, it is necessary to know the nature 
of the work the hoy or girl is to perform* After it u deter¬ 
mined by testa that he or she Lis the mental equipment and 
the degree of knowledge necessary to do a curtain form of 
work, the not question to be solved is whether his physical 
condition i$ mch that this particular kind el work wO not 
harm bum Since labor differs b character, occupations 
should be duafied, and the boy or giil should be aOmredto 
perform <mly the character of work that is belt adapted to 
his or her physical condition. 

Since the knowledge and training imparted to a child are 
to prepare him for life, the icbod should follow up the boy* 
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and gbto *bo kava, indra how *wadnHy these cHklrra 
hitt been pupated, He reboot a to judge by the skuas* 
«Mine of the children nho aw out in the school of life. 
A c^timjstkm school teacher should be assigned to took 
after a definite poop in addition to tJio regular school wort 
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CHAPTER Vm 

* * 

PBINCfftB OF PSYCHOLOGY UNDERLYING LEARNING 
* 

In order that quo may Lave a clear understanding of tbo 
methods of teaching industrial education, it is necessary to 
have at least a working hypothesis of the action at the mind 
in acquiring knowledge and skill. The immediate organ 
«f the mind is the nervous system which consists of the 
brain, spinal column, the rcrebto-sphsl nerves, and the 
sympathetic system of nerves which maintains the fcnto 
malic action of the organs of respiration, circulation, and 
digestion, Alt of these parts form a complete system; the 
nerves and the spinal column are merely extensions of the 
brain tissue. The nerves, which extend to every part of the 
body, appear like white, silvery threads, branching and rand' 
fjing from the roots which am sent from the spins] column 
through lateral holes in the spine, and to the brain from the 
organs of sense through the holes in the skull. Each nervn 
has two parts, the awtor and anuory conh; these two cards 
run side by ode, and form cue thread bound by many 
twisted fibers that conduct the nervous energy and nutrition 
to and from the nerve centers. The two cords are distinct 
in etd) nerve, and serve a distinct purpose. The snuffly 
cold G&rnH aeovtions or wnjorjr impressions that it re¬ 
ed vea to the brain or spinal column* and the motor cord 
carries the reactions from the brain — that ia> the intellect 
— to every part of the body. Each cord acts independently 
except is they meet in the brain. The tram is divided into 
two hemispheres or lobes, associated with each ctlw by 
fibers which unite them, * The center of the brain contains 
the section that regulates the activities of the sped*! am** 
tyftti Wvay, tourtv, and tot mA 
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Orjpkna c! jew do nut it Otot lit ia Ibez^ full ffltasurt b 
the child. They do not pw ws at the birth of the choM 
their full power or precision, an m the cue of auch 

u the power ofameB of a dog. The first appHqptia&a of 
Benae^peweptioo need to be corrected by experience. Each 
sense assists the other, and gives approximate perfection to 
leMC-perception, Knowledge is best obtained by the com* 
bmed exercise of lD the organa of sense. Exercise strength- 
cm the organs and makes them accurate. 

The eye, the organ of seeing, is one of the most important 
organs. It at first pcrceim only surface and color, but its 
trained by experience with Use aid of the other senses to per¬ 
ceive texture, figure, size, number, and distance. By bain* 
ing the ryes, the dyer is able to detect differences in shades 
of color, and other skilled workmen (tradesmen) tie able by 
inspection to detect imperfections and strong points in 
material. 

The hj reveals sound. It is aroused by vibratory move- 
menti through the air to the ear The car. which at tint ii 
quite inactive, and very gradually dborimbaiB sound, may 
be trained to peweive shades of tone. Experienced mechan¬ 
ic) are able to detect weaknesses in engbes and machine 
parti by the sound prodneed Emm the blow of the 
which the ordinary person would be unable to discover. 

The tongue reveals taste, The organ of taste is the sur¬ 
face of the tongue and palate on which are distributed 
Dares. In aider to excite the sensation of tut£ it is 
necessary to have the nibstnDce in a state of aohitraD. 
Continuous stimulation rapidly deadens its sensibility. It 
^hudtoamuaethssense. It may be cultivated to a great 
(stent by practice. Merchants and otbert are able to make 
tbcaelection of certain commodities and to detect hbjigritta 
by the sense of taste, 

Jbe sense of touch; the naves id touch ntend toeraty 
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put of lb* body and w&ero Lmpie»ion« at fhtst extremi¬ 
ties; in tbs fingers they terminate in a fold winch is espe¬ 
cially scnudvs to vibration, When we touch an object a 
flow of uprvc energy at sensor? impression id «nt through 
the sensory fiber to the cerebrum forming a «nse-pcroqrfiott. 

The no* k™ls smell. The organ of smell ii the mem¬ 
brane lining the inner sorface of the nose. Odorous particles 
clie emitted from the substance, pass over the membrane, 
and stimulate the nerve fibers. It resembles taste to a cer¬ 
tain degree, in tliat continuous action will render Ibe organ 
Useless. Certain tradesmen possess this reuse to a marked 
degree. 

Of course vc know that are can enlarge tire scope of knowl¬ 
edge to be obtained by the rye and car by artificial aids; the 
mucroscope and telescope orafot the eight, and many other 
scientific inventions assist the hearing. We can improve 
and intensify the powers of sense by special practice; the 
surgeon train# the hearing, touch, and sight; the carpenter 
trams hia eye and hand to work together m sawing wood. 
The expert finisher on cloth trains his touch so as to detect 
alight difference* in the texture of fabrics that are not 
viable 

The brain and nerves like all parts of the body develop 
very slowly. The child is bom with certain tendencies that 
came by heredity- These tendencies are called ^instincts." 
The education of the child a a matter of inheritance and 
aucb habits and knowledge oa are acquired by environment. 
The child's first education is received through the semes; 
that is, the child recaves an impression first upon the organ 
d aew, which is transmitted by the sensory cord fa the 
brain* where it makes an impression. As a result of a num¬ 
ber Of then impresses called "wmsD-peteeption/ 1 the 
Kttrae ait ntreisfd, and a certain movement of the mind 
lakes place called » “reaction/' which k transmitted from 
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the Wu to th$ body by tfcemotor cord. Certain actions 
that ire repeated many times create melt va impression on 
the part of the brain, the spinal column, that it puts forth 
motor return* that become aukucafc- that is, earned on 
without connection with the brain itself. This power u 
called “habit” or the reflex action of the spinal ftlamn, and 
is shown in walking, eta, which at first requires inteUectud 
dirertlcn, but through repetition is performed uncoil' 
tidnudy, through habit. To illustrate: the first time a boy 
saws a boud he b uhligod to make special nervous effort to 
do the work, and finds great difficulty in sawing according 
to the pencil mark. There is a tendency lor him to saw at 
a slight angle Tbe^xond time it may lie somewhat eafler. 
After a number cl trials be m able to sawstnright to the Hue* 
After a while he is able to saw uilh very little mental effort 
This » due to the fact that he has acquired the habit or shill 
of sawing a board to the line, Each time he performed this 
operation it required a certain rotinHnutiou of the eye and 
the hand, and finally the response become automatic in its 
action; a tract (mental) has been produced which can be 
aroused very easily. In the ease of academic work, pupils 
must perform exercises and problems to a great extent fa 
order to obtain the power or habit to remember lnw to solve 
future problems quickly and easily. An educational device 
called “drill” is used to produce this liahit 
Sometimes it is desirable to break off certain habits, la 
Order to do this, it is absolutely necessary that the pupil 
should have a red desire to break off the old habit* and 
enter fato the drill or practice for the new habits with con¬ 
siderable initiative, and never allow an exception to occur 
mtO the new habibt are securely formed. A teacher should 
secure the interest of the apiireat jpe or itudenta from the 
beginning to the end of the lesson or drill sou to utifsethS 
energy of the faterest or previous habit to the bat tdran- 
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togs. Thii require ckw ^perfl ska in thietiJy stages of 
the habit bo form aceuraqr. Speed will be dwetoped later. 

Every uoraidpei^ia bom with a healthy mind includ¬ 
ing tit« senses* In addition there are certain inherited ten- 
dffici»orjmpu]!^calH ,, irLeUfld^ ,1 li^curio«t7 i ™iiU' 
ticrn, Jove of outdoor sport, etc, Borne of these instincts are 
bom with us, other* bq> popping up from birth to adult 
lift A boy of fourteen years may be prompted by the ifl- 
ftinct of cariosity to examine in electric bell, to sec how it 
works. 

Instincts ere very important in educating the child, for we 
build on the good and try to stifle the Im 4 ones. It is of 
importance to consider the natural order and sequence of 
developing instincts, the non mil age of the child for the tint 
appearance of the different instincts, and the condition of 
their future growth. The development of many instincts 
is largely dependent \i\m Uiat of other*. Instincts may or 
may not appear at the same jKfiod in the abnormal child 
as in the natural diild- 

Lffe may be divided into four |iarts; infancy, from birth 
to sii years; childhood, from six to twelve years; adolescence, 
from twelve to manhood; and adult. The infancy period is 
the time of life of greatest activity, when the child appears 
tnemuiat mostly of bundles of Instincts, such as beomotion, 
curiosity, grasping, and imitation. It Ik through these in¬ 
stinct that the chBd ia educated At the age of five or ail 
a duld ia able to walk with case and grace, but bis precision 
of movements of bauds and fingers is about throe fifths that 
of a boy of sixteen years of age. 

The second period, childhood, is marked by leas violent or 
mow directed self-activity. TV grraUat instinct is the 
pUymatinct. It is boti; esprowion ml means of education. 
Education during this period may be assisted through piny. 
It is during this period that memory, the mental jraw* of 
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reUhmg is de^tped. It feta dunk 

oping of this power that gras m knowledge, for ire must 
retain knowledge in order to ponssi it The growth dur- 
ing tin period of life from ten to twelve »slow, and a sun 
plus d energy is tvailabk It is the time when &e pl&y 
instinct is strongest, and a period for the deviSoproeni of 
facility and skill, when drill exercises for the formation of 
habits mar be given with least harm. 

Adolescence is the period of change. It is a time when a 
great many children put aside childish things and begin to 
think of the serious ride of life, self-support. The period 
may be divided into tliree stages, embracing respectively 
the ages from twelve to sixteen, from arctocn to eighteen, and 
from eighteen to twenty-four. Some authorities have thuri¬ 
fied these periods as the physical, emotional, and the intel¬ 
lectual stages. The first period, from twelve to sixteen, from 
an educational point of view, is tbe most critical and difficult 
to deal with on account of the seoretiveness of the pupil 
He does not care to express his feelings, and on the other 
hand, he is very sensitive. Habits ue fairly well fanned 
It is true there is time to grow, but very little time for the 
formation of new habits. 

t At the beginning of this period, pupils begin to work-in 
groups, team-work. It to the time when boys like to form 
groups usd organize dub& This kails to conriderablephys' 
let) extreme in the form of baseball, football, etc. From 
fourteen to sixteen is known as the “clumsy age,” whea 
the] bodn grew faster than the muscles. Some children 
during this period develop an awkwardnei^ periodic lua* 
Mb with a tendency to self-assertion and dreams of great* 
pen. Above sixteen yean of age, (he bone* are formed to 
a eooridenhle degree, sod the student is abb to bandh 
fools on « amnoereiai bask 
Afire the uge of twelve the play period ends, and the 
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growing b^lx^ttolfoeh an adidtwo^ He is moved 
bymotives similar to tb am of adults, Iris daring this 
period Hut the sense of achievement becomes very promi- 
nent in tom* boys’ lim From twelve to sixteen is a time 
of the mortropid body growth, a greet increase ift tbedevd* 
opOKDt of the muscles of Hie hind end in the eontrof of 
accessory muscles. The tendency to imitation is reotwed, 
end a stmg desire to follow adult Ideals and examples k 
formed* It is a period rnong many boys or greatest incor¬ 
rigibility, mkkinewioT, and crime, and of sensitiveness to 
ridicule, There is a keen sense of tumor and a teidency 
to fcakishness and pranks, 

. Children at about the age of twelve begin to differ more 
or lev in strength, health, intellectual ability* capacity for 
motor-dcvdopmenl , and other mental and physical quali¬ 
ties, to such a degree that any wholesale clarification is 
out of the question, Nevertheless, we can divide children, 
roughly speaking, at about tweh-c yearn of age — any earlier 
period would be unreliable — into two groups baaed upon 
the progress in the traditional school system, Since the 
wort at school is largely memory wort* committing inform* 
tkn received from books to memory, and the promotion teat 
n based on this, motf pupils who fail to pass this mem017 
test lack the interest and power to commit to memory ab¬ 
stract information from books. All pupils who have at¬ 
tended school regularly, and who can measure up to the 
promotion tost, may be considered, for want of a better 
name, Jwttfirtdai or aMrael-mi^M. Thn* who foil ore 
(Wdfedretadafjntpfla. A great mapy of there are of a ring- 
fifth mentality, strong physically, possessing the power 0# 
Mtfta nod a mechanical ctbUHy, to a greater or Jew de¬ 
gree, tod may be considered motor- or Hawf-irwafoi. While 
Huadaasl&atiop maybe only approximate from a psycho* 
k)$*t point of view, neverthefew every grade te^iirw > 



ogiUJtfl thrte two distinct groups—W and motor* 

ttpi&i Tb« interest* d (lie hand-minded pupil are more 
motor thin mental in character. It ii from this cl«u tbit 
Industrial workers w a rub are recruited... * 

Adults and children show a greater difference Eh tbs 
control of firm'end precise movements of the mgtti than 
b (he movements of the limbs. It is in this respect that 
the feehle-mhded differ from the normal, the efficiency 
of the finer movements com^Knuiing to a higher degree of 
intelligence. 

All impressions radwd by the mind ere recorded: we 
cannot always revive them. The conicst way to recall them 
b to arrange the knuwbdip) in such a way as to be abb to do 
thin Every exercise of the mind is dependent on attention* 
which is the concentration of nervous energy u|xm one group 
of brain cells. Upon the completeness of this concen¬ 
tration depends whether the mental exercise is mote or 
less productive of knowledge and mental growth. Atten¬ 
tion to its fullest degree requires the following conditions! 
calmness of mind, healthy organs of sense and thought, 
nervous vigor, and stealthy body. There is a great diffei- 
Ctwein the individual capacity for attention. Memory may 
be strengthened and trained by arranging ideas in such order 
u for one to excite the other, which means arruigjiigftQcOfd- 
fftg to one of the following: 

Known to unknown. 

Concrete to the abstract 
Cause ind effect 
Means and ends. 

Part arid whole, 
like and iiniitm*. 

Object ud subject 
fynbot and reality. 

Depdxfont idea*. 

Gutigsm jdnii 



Mete in the mind are arranged in aetiea; that »* nm Mat 
reedb mother, etc. This arrangement is called the w aiiO- 
ciition of idem,” In order to add mother idea to boom 
koowled^i it a better*to attach it to soma idea already to 
the mind tb|n to present it as an isolated form of knowledge. 
The human tnmd is constantly arranging and rearranging 
the ideas* and this mental process b called reflection of 
H tbm!dng, lt la order to get knowledge we must be able to 
retain it. Memory is the power of retaining knowledge. 
We ha™ the power of menial acquisition and the power of 
mental conservation, which together give us knowledge. 

Since all impressions leave a tract in the mind, they are 
indelible and can be recollected Memory may be strength* 
ened and trained by habits of concentrated attention and of 
association cl ideas. The jniwer for memory and recoDeo 
tion varies greatly in degrees, in different bdividunb^ and 
at periods of life. Some men con easily commit facts to 
memory, baton able to retain tliem only for a short period* 
while others require more repetition and effort in retaining 
butjun mare easily and for a longer [period preserve the 
knowledge. Some minds Lave a stronger hold on fads, 
others upon thoughts and fadings; some have great difficulty 
in recalling names and dates and ease in recalling analogies. 
In early life the memory is very impressionable* but the im¬ 
pressions are easily effaced. Children seem very nun to 
forget knowledge obtained before the ago of seven* 

Therefore, in developing the power of memory brain the 
mind to a vivid and complete recognition of all associated 
ideas* 

Whatever a child does in school or elsewhere ls actuated 
byamaUvc;thitu,hf:daesittornpiirpose. The impulse 
— may be instinct or habit — pushes him forward, Any 
study that arausa the mind of the student so as to make 
him inquire about it, ii said to btmtawttog to him* This 
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intent may be aroused by the teacher and it aid to be ifr. 
qtured. When the interest bu not been annual by the 
teacher, it is said to be natural. It is safe to mf tint no 
child can acquire knowledge who has no interatin it A 
t e a che r can no more give a child on Interest thi|he does not 
hive than he can add to his own height Interest may be 
moused and the tucker should take advantage of the wc- 
o&fcv* of nature! interest wlikh underlie instincts. 
One of the foundation stones of industrial teaching k to 
arouso interest which gives the motive far the acquisition 
of knowledge^ Of course, it should be understood that no 
teacher should allow an undesirable interest or tendency to 
develop. 

Every exercise of the mind is dependent on attention, 
whkh is simply a concentration of nervous energy upon one 
group of brain cells. Interests assist (urate] concentration. 
It is necessary in teaching ft child to Imp e sympathetic 
touch on his tolerate and previous experiences, 

There is * great difference iu individual capacity fer at¬ 
tention. The best minds have not only a great grasp of 
attention, but a great facility for transition from one subject 
to another. In minds of universal power the radi™ of 
fnnitkxD is so perfect as to enable them to attend to smral 
subjects at once, keeping different groups of brain dh at 
work and accomplishing various kinds of mental operations 
ftoralt&neomly. 

If we examine onr minds we shall see that the pnoeaei of 
accumulating knowledge consist in obtaining mwpettep* 
tkttA retaining than (memory) and (Umpiring them, and 
faming a eocduEon called "judgment," You might lay 
that tray ague-perception has a judgment - * 

. To flhttfrato; a pereoc interested in examhring dUfcrent 
metals, ami as pieces cf iron, bra* and lead, (ktetvm tb# 
qiphtiw of each and naturally compare* them, Becfajj- 



mnm& wmmYtNG imiho ei 

fin the metak either emucwualy <*r UMWwdously into 
group* ifioonling to their common propertied such at colnr s 
Weight, **& 5<twillsay k*diaheavierthaniron, br*Mto 
different in coJor, etc^'Thu act of etanifleation rests on 
eeoftfrperoejjfiw and memory, but include* the power of 
holding a property or quality—that k, an abstract idea— 
before the mind for analysis or comparison. This power if 
called “abstraction," or the power of mental ooneeptioiL 
In wmplei operations them is a aeries of judgments founded 
on a comparison of qualities and following & natural se¬ 
quence of cause and effect, or evidence and conchtsiotL 
Judgment becomes mom and more complicated as the In¬ 
tellect advances in development, As we grow m experience 
and education, facts accumulate m the mtnri and knowledge 
increases, so that the field for comparison becomes larger. 
A greater number of relations and associations enter mtootir 
act of judgment Definite judgments accumulate and form 
a fund of experience that can be relied upou as decision for 
(hither judgments, and may also become unconscious judg¬ 
ments that are often called "intuition," Of course we must 
bear In mind that in all complex mental operations there are 
series of judgments or derisions following a natural sequence 
of cause and effect A series of judgments constitutes 
reasoning. 

All who take part in every-day Efe are expected to have a 
minimum amount of good judgment that w* often call "coni’ 
m« seme." It is the result of common experiences which 
give intuitive judgment Therefore, every one, portico- 
My in this country, should have sufficient general edoca* 
tkm to have general intdhgeitce and common sense, lib 
coosiiteof a series of adjustments to new conrfitiooa. llw 
pnwr whiri omMh me*te mate these new adjutmeuts is 
mfllsd by. the psychologist “apperception/* and “gumption" 
by ti» wpmenced mechanic, Ooe adjusts himself in termt 
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of his prericui experiences; Uuti^lio oppermVes pew 
things itt terms of Sria previous experience. 

There ire two method* of reswning, inductive and deduc¬ 
tive. The inductive is the catm-al dethod of rensaimg. It 
ransoms by esamining a number of individual fasea to di* 
com a general resemMamce or ground of ck&siffcation and 
thus to reach the law cr principle. Tbe deductive reasoning 
begins with tbe rale or principle and draws Mncluskms re¬ 
specting the individual case. Tbe process by which we ob¬ 
tain knowledge, by committing general abstract rules or 
lawn to memory and then applying tlicm to special uses; is 
called “deduction.” It is the method used by experienced 
students and teachers who chum tlist it Raves time end cop 
be easily Learned. The inductive reasoning begins with facts 
ud deduces the theory* and the deductive reasoning begins 
with theory and deduces the facts. Modem industrial edu¬ 
cation should proceed in the beginning is far bs posable by 
the methods of inductive reasoning. While the operations 
ol simple judgment; nr one- or two-step reasoning, are corn- 
men to all, the power of generalization is distributed in a 
larger degree over the abstract- rather than the motor- 
minded person. 

There are two theories with regard to the training of the 
mind; formal training and specific training. Forma) train¬ 
ing thcary } often called formal discipline or mental disci- 
ptise, states that there are certain subjects, like mathemit- 
ici mid foreign languages, that give a general mental training 
such as logical reasoning power. Hie specific training 
theory claims that gsieral mental discipline does not taAi 
that each subject baa a mental disciplinary value that ep- 
pUes to that subject only} or one of sitnilej content. Matte- 
matins trains the mind far math^nuitical reasoning only. 
There is no question but that the theory of format discipline 
is not true. On the otter there era some pramment 
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tduqtfm idw ctum Oil tie problem of taming tk mud 

is« comply finej and tint U>e doctrine of wpmfln training 
b only approximately true. 

• * 

^ QUESTIONS FOR DISCUSSION 

1 . Wxj ii « mchiah iwuftCy itrwga phyticifly than ft prefajaod 
nuar 

I. Name lie ipedidrraaut Ailed by the following rwchAdn; (4) 
net-maker (fl) iteam mrianr; (0 dwtrimn: ( 4 ) vented mw; 

(*) jc*«kr (J) wvwkcr, Num mv nwcial derla 

vd by the ■knv nndiiuiis la iorruiv HW-pefteptiat 

(. Whits the diflcrrare between on instinct uni m habit? 

4, What It the iMJ of a mectatic iaVnua of psychology? 

& Why ia ft more baznfal ta to* ft^uiitd wrtftg ^uipulKtivt lhall 
Ihu not to haw acquired any? 

4 . What arc Ibe objection! loaltariftgftdiild to rectiw injiurtri«] train- 
iilg nodet fourteen yean of age? 

T. Whftt mt the pqyclwkigicil eJfoofi of highly speei&littd re cnp t tw oaf 
r Bl What lie the muni find phyant efforts oi etttuody ^pditnod 
OCHpfttLOflsJ 

- 9 . Dm pcnamJ growth in chrmKln, phjiinl power, and mental ca¬ 
pacity depend upon the wrupatwni foho wed? 

10, Will ttrly (tpedftlimioii on oar ft bn his not mchflnbiapcwtl haft 
the last (fleet u EtpectaJoalKKi on ore wta ba) ottafoedfri* growth 
later in lift 

LIST OF REFERENCE MATERIAL FOR FUTURE READING 

•eWwtffiyh%, E LTWlike 
t (A vay nliaUc look on pgyehalog)-) 

, t* TwHaml JfysMfttf. EL L UoUipgavutb 

" (A ray thorough and complete Soot nn the applntuniof prii'- ^ 
tipfea of psychology to all vocational artivilm.) 

•'AhitJtet^hOniedafflJMetffl-MiDded 1 WUL.DwW' hlAiEAh 

(A ffirttatHfl mad* between the normal Ley and d ej agne Bt 
hftiad vpen ftMhty to pup flieidmic wbjecti) 

^’tiMfeftfttriip. E, A. Kirtpolnct 

■. {A fttndr of Hit pjQndwldgjr of different periods of JfTtMh.) 



CHAPTER IS 

GENERAL METHODS OF TEACE&W 

Tnx previous chupter shorn us that Ik human mind ac¬ 
quires knowledge according lo certain principles, most 
important of which are interest and progression. fnterwt 
vanes with tW different types of persona and at different 
periods of lift Profession menus that the subject-matter 
we npect to import must be carefully analysed and sepa¬ 
rated into ideas* each one of which icu$t be presented in the 
(arm of a lesson. Each idea must be tie outgrowth of the 
preceding one. 

Experience shows that there are two methods of analyzing 
the subject-matter: first, presenting the subject in complete 
units, and secondly, by considering parts of each unit sepa¬ 
rately- To illustrate: in teaching arithmetic the traditional 
arrangement was to present each unit completely, suet u 
addition, before beginning the next unit, subtraction. The 
second was to present the addition of small number*, then 
the subtraction, followed by the multiplication and division 
of small number*. Then to return and cojukkf the addi¬ 
tion, subtraction, multiplication, and division of more diffl- 
h cult numbers. The first method la called the “unit" 
method and the second the "spiral" method, The unit 
method is part of the logical method of teaching, addle the 
spiral method U based on the psychological method, that a t 
learns can grasp the simple parts of a number of im|ti of a, 
subject man easily than the more difficult parts of any 
particular unit * 

In teaching we should select the most Monomial and, 
rfective methods of conveying the infbrmatum tndjti?#. 
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ll praafcfeg a ttbfct There are gcwrel mrtbodi and 
ipedal method* of teaching Experienced farthers usually 
di™k the general method of teaching into five dbtinct itept; 
Preparation, Presentation, Application, Ceurafoatioo, and 

jf i uB pr ^p . 

Preparation is the hHHiJ manner in ttbirh ateacher finds 
Out from the pupils whit the? already know on the subject 
This U usually done by asking questions nod recalling to the 
minds of pupils past experiences an this subject Tbeo 
show die value of more information and ideas hi the subject 
by offering hnentives, The mind is then eager for the new 
ideas that ore to be grafted on the old ones, Present the 
additional information in an interesting manner. This step 
ib cdfed ^presentation." The ptrpfls should then be obliged 
to apply die new ideas in tbo dura so that tbe teacher may 
see that they understand each step, “ipjJimtion." Thii 
work inchides constant repetition called "drill" "Gottis 
lliiation" is the neit step and includes the assimilition of 
the new and the old ideas so that ilfductiops may be made. 
After the pupil has been taught, and drilled, it in tbe aim of 
the next step, “recitation" or “inspection/* to see that tbe 
pupil rally understands the sew id™. This is done by 
written or oral elimination at test, or ljy examination of 
the finished product in tbe shop. 

Tha extant to which transfer of training or knowledge cf 
can subject to another depends upon the organisation of the 
course of study or the subject and upon the method of pre¬ 
lenting the subject A subject may be presented in subh a 
W$f is to become an isolated group of principles, and irouie 
■ uiilyimkiimiin of ideas in the pupil's mind. On tbe other 
band* the tame subject may be presented by other mdhodp, 
10 U to bouse a great many ideas in tbe student's mind, aid 
baeoao part of his whole thinking, We may ny then tbit 
.'ti^O^tewhiiiapiipilgeMnliictluitTShui^iiaiiV 
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Jed il» meanre of the degree to whidi he ta Mcuredfam 
the subject the highest form of training. 

laatrricton in teaching use different means of impart¬ 
ing kfarmation, such u lectures aid demoiHtratksis, use 
of textbooks, oral teaching, the laboratory, a^l objective 
metWs. The lecture and demonstration method acts on 
the principle that the teacher should tell the pupil every¬ 
thing, and that he should not find out anything for hfrnsrif. 
The disadvantage* of this method are that tk student may 
heir or see, but doI understand; he don not karri how to 
Jthmk* discover, or develop the means of attacking a prob¬ 
lem, to know how to get facts and other facta out of them* 
Despite the many disadvantage* of the hrture and demon¬ 
stration method, which applies mostly 1o technical subjects, 
fr great deal of information, particularly of general educa¬ 
tion* may he and is imparted effectively through this 
method 

Moat of the teaching carried on in school a through the 
usUtonoe of specially prepared books for pupils, caDed 
“textbooks,” This method of teaching we&first introduced 
to secure uniform methods of teaching and to assist poorly 
equipped instructors, Instruction through books has the 
advantage that each pupil ran think at bin own rate, get the 
fads over and over again as he needs; and then test himsrlf 
point by paint and make note of his difficulties, which are to 
be explained by the teacher* Book Caching is very valuable 
to otodenta who have the ability to get ideas from print. 
Same pupils who have the mental equipment, particularly 
the abitrechminded or scholastic type, prefer to read ratkr 
than Kitea to a atony or a lecture. The metnr-minded or 
precticabminded pupil prefers to hear the description from 
the teacher, Textbooks are valnaddc a* a moons of flam- 
omy of time in teaching, u fads, prinripkt, and applet 
tJoina may be given by means of a book m one month of the 
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term id a cotjm* and lie rest ol the term should be spent in 
study, experimenting, mad problem-solving, 

P«rafttill tCftcHug is largdy oral. The value of oral teach* 
inf lies jnthe sdded jnlerest due to tire intonation, facial 
expressway gestures, and illustrations used by the tester* 
Oral teaching requires lts$ effort on tie part ol the pupil tbu 
rending. It is very necessary to a certain age, particularly 
to the younger children. Oral teaching is very important 
in general teaching in the urt :J {jiratiomng to determine 
quickly whether a. student does tu docs ml know, and also 
issbta the teller In verify the remits of previous teaching. 
Dictation of a lesson requim grader effort on the part of 
the pupil than listening. because the proccus of writing i* 
utiGcial and the diameters arc attract and remote from 
the experience of lie pupil. 

There are rcrlain elements of knowledge, particularly 
technical knowledge, that can lx 1 obtained only by direct 
experience of real iliinfN qualitim, events, and relations. 
The method of traeliing through real tilings ia called "ob¬ 
jective” teaching, and ru.'ty lie given in clilTermt degrees; the 
actual object or thing, a model of il p n phologmph of it, or a 
rough sketch of it, 'Hie bdmniliiiy method of fc&dung is 8 
combination of tire objective teaching whh the obaervation 
and verification of principles involved by the pupil's own 
experimentation. 

Efficiency in any subject or trade is only obtained by a 
continuous repetition called "drill." There ire two metih 
ods of securing drill in FrbrvitftwhL tireorder and the 
pttfkioifed order. The logical order conaiats nfpresentiqg 
fist a series of racrriscs insisting of drfinilnnB and uwfi, 
composed of the efeinml s of the subject formed by the anal¬ 
ysis of the complete subject. The elements are combined 
and anuiged b a series accwfing to a preconceived prim* 
pfe of a teubgr or an educator who bai mastered tic subject. 
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He adfooto rf Ik logical aider titifae fkt ifrikiliMM 
t* fenqueot and thorough, and AimM be eoDtisaud until 
pupil hi! Mqmxed Urt habit Without the* frequent dnQs 
in Un beghmmg* pupil) mayfrll intojbad kbits and become 
ducomaged 

Ik penological order coosiita of presenting concrete 
full of the subject to the student when be is actually curinu 
•bout tie Facta or has ken made carious by the teacher, 
who hai aroused bis interest by presenting incentives for the 
tfndy of the subject. Hie indent motes his otm aoalyii# 
u far as possible. Skill is uni aroused by this method of 
eureka so roll tot by Uk comtrodku of soma useful or 
beautiful object that the pupil desre? to mike. When he 
Hilda that his skill ia net adequate for this purpose* he may 
analyrt the work and then Htrenglben by special exercises 
the weak dementi, and finally apply himself again to Ik 
task. 

Ik logical method is based on a theory that Inning 
naturally starts -with the dements into which a subject may 
he divided or analysed, end that these elements may be built 
tip by the mitul into a HHalld “lexical" umngemenL 
While this is the method of raraughifl knowledge m sc 
BckWa mind after y has mastered the subject, it ii cer¬ 
tainly not the method by which n beginner or a leartCT 
arranges knowledge 

A great many people, p^rtieukrly some prominent educa* 
ton, object to the kpkiard method of obtaining IcnowW^ 
m practiced under the apprenticeship nywtnu and the bom# 
of old. The educator may say that it is not the economical 
method of learning. Ffe fails to arc that this natural method 
ia not kpkfftfd «t all* but follows the mental growth of the 
pttp& Effort is obtained torn the student as h tk logical 
method, but it U obtained through a ntotive whldi a child 
fcut*ein tffa to be intereteA Iheaperismof Aotf 



gramma who hwe tan trained ly tk old appreutkeehlp 
gjortemihpws that this method gives a discipline that b 
dnqftt and more permanent than that obtained by tfhf 
methods which have no relation to the pewni sttf-devtl- 
opmenL 

TTrt attuftion paid to a subject — that is, tie amount of 
mental activity involved—varies with the interest tabu in 
» subject The extent to which a person can be influenced 
by deferrd or vnfwte motives depends upon the period of 
gR^ofruiincbviduidiuidtbotypeaf tk penon. Motor- 
minded individuals me inclined to demand immediate re- 
turns: therefore, it is very important that this type of person 
shook! not be given considerable educational work (drills) of 
a drudguy nature in the beginning. Brill work should be 
provided just before it is necessary to have it The interest 
nr motivation of the present work is sufficient to cany the 
pupil over the preliminary drill. 

Every instructor should carefully determine by expert- 
meat the amount of drill necessary for the proper aeqmri- 
tiai of a habit. This emeunt is often culled the "optimum " 
to distinguish from the least (mmimum). or the greatest 
amount (marimnm). Less than the optimum leaven the 
habh insecure and of little use. Greater than the optimum 
is a waste of time and effort. To illustrate: if you desira te 
teach a boy to make a wood joint, he should be drfkd in 
making projects involving joints until he makes s sutiafio 
twy one to meet commercial conditions. After he h» 
[etched this stage it takes many hours of practice to add a 
njy small degree of improvement, 

Jbo traditional public school system may be compared to 
aladder reaching from the primary school to the college, ft 
tu*coc direction, preparation for college. It is divided p»b) 
IRjpmo&ed "grata” based upon toe chronological L afe 
titjApMiidnaL Pupiti are gralkdm schools in wkr^-ni 
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fir 4u possible, to keepthe nusitaJ ox*! physical developmeit 
t fo eqqohbmniL A great nuiiy children cfttesra 
k#£ age mayeafdy be placed io the k ne gride m the 
school, up to the sixth grade; abput the age of twelve. 
About this period ifldividuil children di3er from each other 
in mentij and physical development to a markA) degree sod 
a wholesale classification ton proved to be inadequate, Aqy 
attempt to force the same cuurae of study ou all children 
above twelve years baa caused a large percentage: of retarda¬ 
tion. 

Io Uk pflsL ntid in some cases to-day* Uh educational 
system has neglected the training uf the motor-minded child 
who his certain mental ami physical qualities that are re¬ 
quired in industry. The course of study row kid out to 
favor those of a scholastic turn of ntitid wlio would eventu¬ 
ally go to college. Tiie tot for [rmiiH^tioa ira* -n literoiy <wi* 
and the intellectual type, with bin quirk memory, bad no 
difficulty in pacing (be promotion tests, while the motor- 
minded child, without quick memory, fails of promotion end 
becomes what the teacher calls a “retarded pupil" He u 
uiked to repent the grade and be soon loses interest m 
ocbool and feels as if Lc is a social outcast among the pupils, 

An earnest effort is l«ing made fenlay to moke Uh ele- 
menUry- and the high-wWl curncidum broad enough to 
bdude every fundamental mode of utilizing mind which 
Koety employs in the conduct of its affairs; that is, at the 
completion of the sixth grade (about the a#e of twelve) a 
variety of courses, such as provocation^, commercial, and 
the regular school courses, should be offered to pupils, Tbit 
VriH give to every variety of mind that interest and growth 
which ate necessary to puwer and $df-confidence in doing 
the day 's work. , 

i The teaching hi our achoob must also he modified rafi* 
ally in Qtikr to arouse tk type of mmd that wilt eutoifr 
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■> a worker* In order to UxLereat the student* prob¬ 
lem to be rtuBed nroet be made to arise in vital and nature! 
wmy», bo that the child may recognize the need far all the 
school work which tk teacher requires. 

Schools should be so organized that ample opportunity 
may be pula for studying md distributing the boys and 
gbk into the particular courses of training and lmea cl 
occupation where each may do hb ltf*l work. Thb bag 
been desirable under vocuHood guid-wr. Opportonitiea 
ihould be provided for children who go to work to continue 
their education, Under a system of part-time schooling, 
as described an page fti, children wiD wo Hie need of edu¬ 
cation of which they were pm-iwLsty unaware. Responsi¬ 
bility provokes thought aud the need for more iofonnatioa 
and skill, 

A Course of study in the rhineutary schools should he 
iffffidently liberal ti> give tlic teacher ojijsartuiutirs for ac¬ 
curate inference* a* to the uidnslrinl activity of the piipiL 

There are five (xwibJr means of discovering the phyrira] 
and mental qualities of a person for a suitable work; 

1. General ^wnTfliwai ami mouijjuiidjtMu, 

S. Written cuminatHHis. 

S. Trying-out proems, 

4. Centnjliid pfiyi.biil^icfl] knt& 

i. Inference from stIukiI work. 

Most applicants are engaged for positions in the trades 
ud business^ often on interviews snpplanruted by letters 
of recommendation. A number of employers look for a 
letter hem the tenekr or principal of the last school at- 
tended. 'Hie teacher, without any knowledge of the i* 
qiurement* for the occupation, is liable to place the act* 
demies above that of biomechanical ability, aiidneommesd 
the type least suited for the work. Tbia shows how impot 
ttttt it is for the public school to know how to measure the 
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moil kaow the pupil and the rtqmrenttnts cl tic padn&m. 

TV&en a young mu leaves school to-day* ha loots hr a 
position and is usually governed by the folkmmg conditbm 
in selecting hii crcupution; initial htgh wage* his fetkert 
ocrupation* easy working nradjtJoiu, and th^'menmi ftf 
the place cl business to hb home. Oe desires immediate 
rather Hum deferred returns. His parents fail to to Mj 
attention the fact that positions that provide steady work 
with a gradual increase nf salary, seldom give a Idgfa initial 
tnige, 

The cumulation method is a tedious process sad bib 
to give a true fcstof tk^riram’a aliiiity. 

The trying-out process of testing the ability of a pupil u 
an expensive method both to the pupil and to the fflnnu- 
foctnrtr. 

The psychological tests art in tlif experimental stage and 
have not reached Hit point dim tlic average employee cos 
perform the tests, It usually requires the experience cl an 
spirt. 

The reerctb cl each pupil in school should give on iuds 
ol the kind of werif ho is host ailiptfid to ptrauc. To illus¬ 
trate: Pupils with wme artistic ability will display this talent 
in the fine art work that is carried m in the industrial arts, 
land-wort and draw ing. There me very few pupils gifted 
with this Uleut, and it is very neercsary that pupils should 
know before they lave school whether they posseat thii 
talent or not, the oocnjatioiu that require it andlhcoppo^ 
tunitiei provided for the development of the ram There 
are certain positions in the designing deportment of jsw dw y 
mumbtiuin* hcmtuie manufacturers, cloth manufactur¬ 
ed, etc,, that require this talent, f Pupils may enter those 
bides and mdustriti and work up to bold rrapotojbte 



m Wttin c&izictnutHx that art Mttsary in 
•Vttf-diy livin|ter every mechanical nccnpation, and tbe» 
■nbrtltfr, JtHfigth* Btu! character, Boys of this type are 
□anally ftymd among IJk children of the families of the 
mechanical cka. Boys of alight build dwold not be en¬ 
couraged to j^into manual wettpatiMK, 

The cnftHuen and skilled workmen should be recruited 
from the strong, healthy Ijoya who show wusidoaWe ability 
in doing accurate work witii the fingen nnd lunda, IbU 
ahOitj cornea only after long experience and constant prac¬ 
tice 

Vocational guidance may be imparted by tbe following 
meins: 

Selected readings duowinpr 

Economic activities, 

Qualities demanded in various octiiptlMU. 

Systematic rowing and study of phtbivi L jumplilets, 
lodbidul nr group coafnmm of pupil* and tcichm, 
Systematic study of young popple: 

Physical make-up. 

intellectual make-up, 
hvnatknal turning. 

Syitematic study of various Prcuwmic lines of eta payment 

Maintenance al employment B^wa'S. 

QUESTIONS POft DIBCt'SSION 

1 WtelAethu isdoibid education « KaemJ uteris oT faufew- 

dot 

1 teteeqfal yiteamf pfcMting Mukjert uwl m hi*li schools tod 
I. tewpUpgi*v*WlfetehavctliEtciito[toitl|lrt*Ik^ia(kifc 

w 

t, HowinrijMpmMirtttesiiijcrtef derir»Ii> 

f, tlite the tttEj» of a bum iiba un dnvnuiiy ifEeoce, fropertb 

ft Jki tea tattt nutted t4 pmatitia a sobject a pktt il tee d*, 
■■ dtttHy tdtnIF 
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pnffc !■ Ifniudir vfaMiduiiKiddyHtllh 

■braaeduaiuri Wt 7 ? 

9L A rolieg* gnd? indwtoid whool attr* i «rtw In Englidi Li (entire 
for iw&uia] to$mi ^t^oTtdDEdwdntlidiiul^itt 
rqnmilt? t 

fl L Qiiklfn in Uk primt^ schanU vt liq^t bunl-wniiig. WU 
type o! (durtdiOa would you «wii|a iha mtijtd pwW P 

10. A hoy of t*d*e (to a null tmn] rairiti hla bllicr'i dinner twry diy. 

- ffliife for lin tofbcr br ier* tbt Wraven it VwfL wvt iO|lkKI 

ifcwwWinpofwPiTinit. latlwEwiriiilnnnfwmleilwitiiiiiP Why? 

11, Lminfllnft*li™ffiipipttiiiiliaL.ki[>Ui(^w*ti«i? 

H WJfct are. tbc tn.o pT^at priTKijilrH of tmdifT^ Hiat iiikla , U« isiuiitruil 
wwlcP 

13, Intofflt dqwoili i^hjUtM FgdOraP 

t A Do the irafat ,h nnn;m] limits" b libml ednwlinti emrtitirtj 
a tiwning b mmUl deidnfunrat 11f MtScrti UDlrtrtlMf Id be jjfn 
in u hduririri] wlnwlP 

Iff, Don the dime Ap^Italnn to prorticc and ihowy Pained in Ihe 
"■ training of b. jpnnvl clrrlnnan dni-lop gvnera] iiLdkctuJ pomf* 
ti attention, eonmtlrsticm. ordrr, rtf P 
1ft. A* ihfrt aitf ilmnif intfflflU tlinl mny to nmvei by induhrto] 
rtwlia idlirli flnr Frwjnently Kt iiartinf ir jfihthI tdunliofi? 

IT. Erpdah^ lm>i iff not link'd bibe highly tikilfol tufa mtil 
tb^ bk nt k*4 hiUHn ynni of 

IS. D it miife ibUinill to liBivIk lvya in the wve nth und eighth gnda 
U*H b |]pliflb nnd iiith pnwtaP Wly? 

It. Whidi bmut iiutortutit ivofrrrnon or btautf 
B. Which a more rfltienl, uulLvuLonl or rtawroti fawtnirtionP iVbjP 
Si. bitellbtLvc tvirluwj topbttafrw illiterate i^tiiiiiUib-fpailcbg 
pupdla of twelve years L-f jp: with the Sp* ud sanDd (nub JWptliP 
Vlhj P 

B. Cfaddpnb lit b^iTp^Harr tuwht ^fll'jttlivt teaching tnta* 
Iku those iiithe iinkUp rod ujKjifr pinto Why? 

SSL JtttrinrrtbedificMiMbrtft'oeii the span] ml unit method htcttk 
bjfacUonit 
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CHAPTER'S 

GENERAL METHODS FOR TEACHING IN fllDUSTRIAI 
MWLTATION 

It we examine the successful engineer, mechanic, etc., we 
dmD find tbitt his knowledge consists roughly of three puts: 
the skill or manipulu.ti.Tc phase* the related technic*! iafor- 
mitkm that goes with Uic manipulative work, and a knowl¬ 
edge that promote industrial ideals and general intelligence* 
To illustrate; the successful aitGliauwid engineer has skill in 
Tunning or operating mechanical plants and machiaes* * 
knowledge of parts of mathematics* pliysks, chemistry* and 
drawing which are the foundation stones of the practice, in 
addition to good intelfigenae and high ideals of ha prof*- 
shhl The same m^y be applied to a bouse carpenter who 
has w large amount of skill in house construction cod repair* 
ing; sufficient practical knowledge of such parts of mathe- 
mat its, drawing* and science os to do his work intcltigmitJy. 

A course of study or training in industrial education pray 
be divided for pun 10 * 3 of instruction into three ports, the 
skill or manipulative phase, the related technical or tiuo» 
ratio] information that gees with manipulative work, nod 
the group d studies that are designed to promote industrial 
Ideals and general intelligence, To illustrate: to teo<A a 
student to be a house carpenter means tbtbewDiweiraa 
large amount of practice in bouse construction and rtptirmg,.' 
oho i study of such parts of mathematic*, drawing, nod 
finance n» a weH-trrined carpenter should know, In nddl* ... 
tidprihe iludent should be taught the hartray of 
working trades, distribution of occupations B tUi trad* . 
mdtbN^edal hypow for wood* wortera Aprogporalpr,; 
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gnail hifofllgeDce in English, history, and cmes should be 
provided, The amount of time derated to the group of 
studies lor poem] education diouM not be over twenty per 
cent of tie total time allotment. 

Tie muupulativu skill in on industrial sr-Lool must include 
training b be practical operations of that trade u carried 
on in A comruercia] shop. This may include, m the cue of 
the general carpenter, manufadurc of salable products, 
manufacture of school equipment arid iqulra on the build¬ 
ing, etc., called “productive* work. As far as possible the 
school should manufacture articles that con lie sold or used 
—commercial value. In this way it is possible, in addition 
to the profit from the sales, for a pupil to get the habit of 
making a commerdad product that can be cornered to both 
quality and quantity to the rogulnr commcroial product, 
and (hns to arouse an additional interest on the port of thp 
pupiL Nbtt-prodiictivc practical work includes all work 
tint cannot be put to practical use. 

Every subject has Lwu educational valuta, the practical 
and (he theoretical. TLc practical value of a subject is ac¬ 
quired for a definite puqxhr. The ideal of the practical is 
personal efficiency, oral the ideal of the theoretical is pei^ 
sonal accomplishment or culture. The letiratog of matbo 
matin* science, and drawing, as sci^rale theoretical or ab¬ 
stract subjects, does not contribute to hduslrid education, 
It is the practical side of these subjects — that is, the 
eotittUtion with practical work — that gives Industrial effi* 
ctoncy, On the oilier hand* industrial education ooutrib- 
tttoOi name general education os a by-product. To Ufa* 
trate; indnitrUl t raining for n machinist includes a knowb 
Ajpof inrtala, which involves some principles of chemistry, 
*4d shop practice, stub ns luhriraLicui, speeds, efc, which 
bpofoi principles nf physics. In this way an industrial 
jC^yuscfotnudiiiiiite gives an insight into the applications' 
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d prindples of acioon la ndditira, bdwtrial tchatitt 
contribota to mental leaning, on aewmit of the dew appli¬ 
cation to practice and theory, whki tends to develop ntach 
intellectual powen u attention, coqpentHtum, oijkr, etc. 

He college grade school originally taught by menu of 
lectures, Uxthooks, ant demonstrations, tune vent on, 
it was found that it was difficult for students to grasp tech¬ 
nical knowledge from lectures and the printed page. De¬ 
spite the fact that the student was interested in technical 
subject* and saw the importance of them, it was impotable 
to gnsp the principles dearly. The laboratory method mu 
then introduced. 

The type of by that is going to do the best work m a col- 
lege grade school of technology is one that has the power to 
deal with applied science mathematics, mechanism in the 
abstract Some boys must lure experience in order to un¬ 
derstand the things, and cannot deal with tbc abstract 
problems in mathematics sricuoe* etc,, as easily as the 
porety abstract-minded boy. Hils lype of boy is handi¬ 
capped and therefore is at a duadvanlage in pursuing this 
theoretical rourao. The srliooLi of technology desire prac¬ 
tically the same type of mind as Ik oollrgcs, and the newer 
schools of technology follow tk courses of study of the older 
institution^ with the approval of Ik dumni. 

The two Russian schools of technology, one at Mos¬ 
cow, the Imperial Trrhnirnl School, and the Institute it 
Ifelrqpmb Jtiadc valuable contributions to methods of 
teaching, They combined textbooks, lectures, and labora¬ 
tory and shop practice, The work in laboratory sod ihnp 
conririedof cwreisB in order to famfliarue pupils wi£h am- 
stradW, UK and nature nf matnids. Continents! Euro¬ 
pean schools have hesitated about adopting tbs Ruwim 
plan, hut the United States and England have adopted it 
with much suwe* in the schools of technology, TkCwr 
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and find* powtiam u designer, draftsman, and compttteri 
therefore the school provides theoretical instruction for five 
or fa years before going out into practical work; although 
it present a, certain amount of drap practice is required 
before graduation, 

While thtffostructian in the college and secondary evening 
technical schools follows somewhat the methods and ooo- 
tent of the day courses, this doc* not apply to the elementary 
evening industrial courses. The type of pupil that attends^ 
the higher grades of evening technical classes is of a highly 
selected group, and baa the interest and mental equipment 
to study a subject systematically end continuously for three, 
four, or five yean, This is not true of the ordinary worker, 
as for example one who attends an evening trade school, with 
a poor general education and an intensely practical aim. 
They are unwilling to study systematically an entire subject* 
such as might be expected from children in a day school. 

Both the inductive and deductive methods me used «±ea- 
rively in industrial schools. In the college grade or techni¬ 
cal high school the general method of teaching ahnp practice 
ia the deductive method: that is, from general principle to - 
definite practice, or, as it is sometimes expressed, from the 
"bow” to “why.” To Huh Irate: a student in eleetrici] 
oigineeripg in a school of technology would begin his train¬ 
ing by a theoretical discussion of the principles in science 
mathematic*, and drawing underlying the machine or join 
laier hi the course be would receive shop practice which 
wrtdd involve the principles he has studied b the abstract 

While there may be some justification for the so-called 
‘'abstract** and "Icgittl” methods, supplemented by ob¬ 
ject!™ teaching, b higher technical schools, where the 
student* an matured and possess considerable power of 
abataction and linguistic ability, experience has shown that 
n 
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ft jfla’v«y inefficient method for the Ewtor-mbded pnptti 
£rt>m whom tradesmen and industrial workers are recruited 

Hie characteristics of the motor-minded boy an quite 
different from those of die dwtiatf-minded buy who bu 
profited to t large degree by general education. Motor- 
minded children usually have considerable physical activity! 
which shows itself in both M oonstructivenesa" and "dertruo- 
tiveneao," real desire to build things and to pull objects 
apart, to «e how I bey work. They cannot it still, and 
desire to move and handle the objects for the love of action. 

Hue general mental activity of this* type of boy leads him 
to "imitate"; the desire to do what older and ex|Krienced 
men do. Another instinct that b well developed is curiosity. 
The feeling to know what is “being done" and “how it is 
done" and "how it works" are valnnlle os a means of pro¬ 
ducing interval. While the interest may not always be 
jnitaiiued it is of sufficient temporary character to be of 
value. It is surprising the amount of unorgimued knowl¬ 
edge accumulated in every-day industrial life through 
curiosity. 

1 The motor-minded boy is very easily discouraged if given 
a too difficult task. lie immediately loses interest Since 
confidence in one's ability to do a job is a very important 
factor in developing interest, it is very necessary to grade 
all work given to him in a progressive form of simple step*, 
so tbit one step is oppcrmvvd out of the preceding on% 
and that an step is too difficult. Then each success means 
greater confidence. 

In addition he has an intensely poetical, sehuh mind 
He b Dot able to think in deferred values; he desires knfcfA- 
edge and information that has immediate value to hlnmjfr 
alone, end is not willing to stud? a subject ayrtemiticafly 
b the hope that it may lie of value at earn future date,- : 

Therefore, in instructing this type of boy b 
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'rtfcjW* it k absolutely necattry thit the rastturtimi be 
ttdnptdt tv his needs. All instruction must eerier around 
his selfish aim. In order to secure his interest it is iteoteiary 
to tfourffc feeling on the part of the pupil tliat the subject 
bob about t* study will assist him in some way in something 
be wishes to do. Nn bub must be beyond the ability of 
the pupil, so as to develop his aeJbcohfidcDee, After the 
task has been completed, some mcaim of praise should he 
provided. This may he done by word of praise from a 
superior officer, by mark, or a mil of honor, or a prise. 

Since the power of abstraction hi nol veiy great, it is im* 
partant that all instruction should be concrete and objective 
Concrete teaching usually given immediate and not deferred 
value. Another value of concrete ins! nation over abstract 
or book instruction is that the former may he made into 
units, be simple as desired, This is ihpL true in tic case of 
book knowledge. Concrete instruction leads to Hdf-caafh 
done. The inductive method is one nf the most effective 
means of teachiim the average mechanic apprentice. The 
apprentice has considerable shop practice and wonders why 
he performs certain work, and the nest lime he attends claw 
he iimialfy asks the shop instructor Lie reason, 

The average Apprentice or pupil in an industrial sdiool 
represents the same degree of iuLclIigeoce as that nf the mis 
cf the population. A study of his cliaracUrUlta will show 
that beii intensely selfish. You must study him in order to 
aecure the beat methods of tenching or presenting a subject 
to him. The first step is to secure hip. attention; second, to 
maintain his attention until you have developed interest; *■ 
third, to develop the interest to a point where it results b 
.acthb; and fourth, the teacher must guide this action into 
dmtod (efficient) result! The industrial school instructor 
Succeeds b the same degree es be applies successfully the 
^otep brttodl to teuhbg. 



IM INDUSTRIAL EDUCATION 

Tbe teaching Igaon in industrial wntk may b* divided * 
into two m^tbod*: tbe information method for tenting 
shop-work and the development method fur teaching trade 
technical work such is industrial science. The IAboh may 
be presented according to the following steps ^preparation* 
presentation, application, testing, and generalisation, In 
teaching shop-work the first preparation, should in- 
dude a direct review or statement uf tlie Him by the teacher* 
The second step should include a demonstration, lecture, or 
illustration, or a continuation of the subject. hy the instiuc- 
torn The third step, Application, Should apply the method, 
and the pupil follows it in doingthc thin# taught, The next 
step, testing, should be a test of the pupil's ability, which ii 
usually given in the shop by assigning liim a |»ece of work, 
or a recitation or examination (written or oral). The hat 
step, generalization, leads the pupil, under the direction of 
the teacher, to generalize and to apply the lesson to many 
situations which are not similar. This step may not always 
be required. It depends on the advancement of the pupil. 
It is usually omitted in elementary work. 

The first atop in the development method includes brief 
questions or "key-words” to recall to the pupil's miud all 
information on the subject, that the new ideas may be 
"tacked” on to the old. Step two includes the esperiment, 
demonstration, ittu&tralkm, or combination. The applica¬ 
tion atep allows the pupil to work out his own method and to 
follow it in doing the work tnughL The next step is a direct 
test of the lesson on the job, or recitation or examination. 

Since this type of bey is not naturally interested in the 
vsdemic work related to bis trade, the problem of present¬ 
ing the academic subjects is a difficult one, Tbe interest in 
■radaauc work may Ik aroused by coneUting there subjects 
with the practical wnrt. To illustrate: every project, or fo 
fact «U shop-work, involves some principles of Epgliih, 
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fnathfiOTitk^ Md KftDM- After the boy bs worked out a 
machine, theft Id i natural curiosity to know something 
about it It is tkn tin* toeipbb tteprincip^ 
in term* of the daily experiences of the boy on the machine. 
The same is title in i^aitd to mathematics, A written re¬ 
port on theWork of the day would be the basis of the English 
lesson. In this manner an incentive is offered to the boy 
which creates an interest for the study of English, mathe¬ 
matics, sicnce, nod history. 1 

Tbis method of teaching practice end Uiioldng about the 
practice, is the way a (treat many young people, who have 
had difficulty in mastering alydnut principles and themes 
as taught by the old hook method of memorizing have 
been able to grasp lliem: not only to grasp them, but to 
retain voft comprehend them. The practice should always 
precede the thwny,nnd the two should be intimately asso¬ 
ciated together so that both constitute an approach and a 
reinforcement. 

The old-fashioned sdioolmflstcr lms been teaching the 
motor-minded rliild during Adolescence on the logical basis, 
on the assumption that be could gmp tlu* principles of 
drawing, pure mathematics ami pure science before the ap¬ 
plication. This was duo to 1 hr fact that the mechanical uts 
and scientific subjects were taught idler tlie methods of the 
colleges and professional schools, where pupils were abstxact- 
mimted and could Ik taught on logical lines. There may 
be bo me justification for abstract teaching, particularly the 
theory before the application, in the college and protessimud 
school, but there is absolutely none in vocations] sod pit- 
vocational schools which ore preparing the motor-minded 
child for some specific vocation. 

In fact technical schools of every type, including the col¬ 
leges, are beginning to recognize that practice and thinking 

J Set ptjpi 104 , HU. 



shoot tbs practice, m toy given coffin* must be do«ly v 
related. Jtoty; years Ago the but medical schools provided 
courses in icetuies supplemented hy dfimoratratiozis by the 
teacher* The student performed little if any practical work 
ill anatomy* To-day medical w&kk tave laboratories, 
hospitals, find dispensary nark to introduce* the begin¬ 
nings of practical experience. The same bolds true to 
training ta engineering schools, nautical schools, agricultural 
colleges, eta 

One of the moat difficult jmiljlcnis in a voratinaal school 
»the question of discipline. The uvr-mgc tesdrer thinks his 
tupceffl depends upon a rigid organization with many nde* 

A successful industrial school is one I hat cun train boys effi¬ 
ciently. In order lo do this it is wycsaiy to have an o> 
gamutinn and sums rules. Discipline is a weans to an end. 
The success of the organisation depcitds U|ion eveiy pupil 
conforming to the rules and customs of tire school. 

The usual type of boy in an industrial school is inclined to 
dothingsinbisownwayandloqiiestiynauthoriLy, There¬ 
fore the principal and teachers must have the ability bo deal 
with this type of boy, to get along with hinu and to win hi 
eoofidenre and respect* Then through kindness but firm* 
nea the boy must be taught that habits of obedience mutt 
befwmed. Itmaybcm^hsiiiralatfirslpbutitwffibewimn 
natural by experience and education. The pupil must be 
dealt with in such a way as to strengthen his character. 
Every use of discipline inn school is an individual problem, ' 
oral must be settled as such through the cooperation of 
borne, school, and the teacher, always remembering to 
strengthen the boy’s character* L 

A skilled workman is the result of not only drop ikfll bub . 
trade intelhgence. Hcmustnotonlyknowwliatheiatod^ 
ud how he should do it but why he should do it. Why bn ' 
is to do it involve* a knowledge of the principles of Engfeh,' 
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mathematics, (be arience and drafting that tie the fmjuda- 
twn atone* of the trade, end which are often called the it- 
Uted knowledge the trade. 

The time! the comae and the type rf pupil both dominate 
to a large degree the course of study. The wxzrae for a 
skilled tnd&tuan would be different from a course foe s 
helper in the sjuuc trade. Use same is true in regard to an 
industrial course in a college grade school ul technology and 
in a trade school. The average ty|K of pu|>il in a trade 
icy mj be described o Mows; 

& Limited general education (average seventh grade*). 

A. Practical mind. 

t Djskkcuf iTipitar school tturthwhi, 

A ATust be aroused through girubst intercut (his trade). 
cl Looks for immediate returns hi edircatHjfl, 
jf. Thinks only in oiic-stcp resiomog. 

The methods of teaching must appeal to the type of boy. 

1, Objective teaching 

a. An adufll shop ci per knee. 

h. The object itself or, 

c. A dUlkIl-I; or, 

d. Lantern slide; or, 

$. PSi^tun.-: -or, 

/- Diagram. 

£, Onc^ttp reasoning, 

а. Series of c^uq.-hliuiiEa, or prohlnm in mathematical 
scirnrcH, vh%, based on hliop viprrfciHv, etc. 

б. Dbcuwlun of quctdiLriiti and problcma. 

c. Aiwwrra written in a tuok with skL’tiebra. 

A Individual teaching. 

Evening classes in industrial subjects represent one of the 
sunt effective systems of training those already at work* 
The meet ambitions workers in rvety industry desire to ob* 
tain a practical education that will advance them in tjttir 
Tocatiora The extraordinary uucccaa of the correspoudeaire 



achool m Urge dtin » another indiettka of lie desire of 
many workmen to improve themselves in their general voca- 
turn. Over irteen hundred Atudstta were curdled m these 
■dwelt from one city of one hundred thousand hhabftanta. 
The disadvantages of instruction V eorreapouftence an 
many* but such instruction is better than none Ltd. Then 
an thousands of men in every community intellectually in- 
cspableofbeDefituiRhytJiia coarse. Not more lion three 
in one hundred complete their course; in fact the Interna¬ 
tional Correspondence School admitted* b an article pub¬ 
lished a few years ago in tlie /lwirrinro J/acftiitid, that but 
£.6 permit of their students have been awarded a certificate 
or diploma. The vast majority of men rnrullmg an soon 
discouraged and frequently lose faith in their wk, 

Evening industrial dssses, in order to be most effective 
for the avenge worker, must be planned and organised on . 
different lines from the day Led imeal dosses* The type of 
student attending evening trade classes, after a hard day's 
work, has an Intensely practical aba in view, and is unwitting 
to study systematically an entire subject, aa might be ex¬ 
pected (tom young people in a day selioal. They demand 
that the instruction shall lead directly to the specific things 
they want to know. If they are obliged to spend a month 
or more on preliminary wort* the value of wJiich they do not 
know* they will soon become discouraged and leave. 

Then again* mechanics and other tradesmen* who may, 
perhaps* have some reputation in their trades* and wbo wish 
. to perfect themselves in certain technical lines, do not wish L 
to be grouped with younger persons* feeling that such per- 
ions, having recently come from the public schools, are bet- . 
triable to answer questions, use better English* and ippe* 
tn better advantage. In other wards* adults are often tetui- • 
tive about the comparisons which the younger member} of * 
tfce dui are apt to make at their opens*. . . . t j 
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Ever y wtiA er attend* in evening technical dla^i to satisfy 
A definite need. To iHnstrate: a young apprentice in 4 
m*ctiinHhop finds difficulty ia reading a Woe-print. Be 
enroIUmp evening drawing ^boolto meet this need, The 
teacher is a mechanical draftsman, and he thinks the bent 
way to knnwliow to read a blue-print ia to be able to make 
one. The young pupil is taught lettering, how to draw 
straight and curved lines, and to make simple drawings. 
The student's fingers arc hardened from rough work and he 
finds it difficult to manipulate the fine drawing instrumental 
During all of this lime ho is receiving, in his daily work, the 
same reprimands, and is therefore delating in Lis own 
mind the value of the drawing course. It is undoubtedly 
true that the drawing course outlined by this teacher is a 
valuable one tor teaching uircliitnitnl drawing to those who 
are to become draftsmen, but tlie average apprentice ma¬ 
chinist, such as this young man, does not see the direct appli¬ 
cation of this instruction to his daily need- He enrolled in 
the drawing class far a definite purpose. To be sure, it was 
a narrow one, but, nevertheless; it had economic value to 
him. The training In mechanical drawing which a ma¬ 
chinist needs is not tltc same us that of a draftsman. The 
young man shows that he heeds a course m blue-print read¬ 
ing and in arithmetic tor raarhini.'vts. 

Evening school instruction in technlca] Masses should 
be divided into siwsll unit mums so us to satisfy a definite 
need. Just what unit courses jtliould lie offered In a school 
may be determined by aflowlug one whole week tor prelim* 
inwy registration, that every worker may attend and talk 
river the educational needs of the different industries. 

Instructor* in evening industrial clnsacs should be pntti* 
cal men and women, v^ith ermsldcinblc trade experience. 
CMdemble shop practice should be used in applying the 
pritaMplw underlying the trade. The actual hhmtpant^ 
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ihnp problems* and methods should be used in this efaqt 
flnbjecta that do not find continual appikatioa b the trade 
shock! be given m the advanced rather than b the efetoeo 
tary couiw; The metmctian m the varies branches of 
mathematics should be adapted to meet the rads of the 
machinist, the plumber, sad the carpenter, The terns used 
in tte schoolroom should teectpmsedin the language of the 
shop and the mill. 

f AH technical stndenta should be classified, as fat as pcfr 
lible* into clossca according to that trades; for example, a 
class in arithmetic lor engineers and a separate class fo the 
flame subject lor boiler Giciucil Again, the textile design¬ 
ers should hare a class in arithmetic, railed “doth calculi' 
r turns." This idea carries ant the jilan tif the dd trade guild 
of a few conturi™ ago. Each guild was lormed for the pur¬ 
pose of social intercourse and mental stimulus. Each trade 
had ita own guild. Tire daily trade experiences of each 
member become the property of all members. Ducuirioiu 
relating to the practices erf their chosen trade occupied their 
attention. So to-day work men have common interests. 
When evening students arc grouijcd according to thdr occu- 
patinna they hare an opportunity to talk over their interests. 
The teacher should set as a leader, draw from the students 
discussions of their trade experiences, and through the ex* 
praaon of these various o|nnions solve the problems. It 
may be difficult to get students to recite and exprom them- 
selves at the bMboaid, but a tree dbcusaion uf the point 
at issue makes the student lose his aeif^nseiousnewi, and 
before he is aware of what he is doing, he is at the board 
fDuitrating his particular method of solution. Of comes 
mefa dsaissione should be under the wise guidance of the 
t**cher. , 

Trade training for helpers and semi-skiHed workmen ■ 
OUire intensive thou that provided for the skilled mechanic r 
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&W m tin Buotu nhj His !a true; bit, the tMiimg 
aaaaUMij lor the helper and semi-skiDed worker is very 
limited, mid requires practice in one or two operations only, 
M ehipplr^ and calking; aocoudly, the* workers haw in- 
tensely practical aims and desire atype of ftirapJc instruction 
hewing directly on tbdr work, mi they arc not willing to 
study systematically the rcfaLed branches of that occiipa- 

tions, 

Courses for helpers vary from a week to sfa weeks Id 
kngth, And oonatsl of seven hours* [iracticrd trade iustruo- 
tibn and a one hour talk, by the shop instructor, who is A 
skilled mechanic. In order In reduce the rust of iiuLroctioo, 
the pupik usually practice together under the immediate 
direction of Lhe shop imdructnr. For sample, in teaching 
house carpenters to calk wooden hoot# a model frame with 
cmcksisbuilt Tljecflqtfjitmijrnptioe^drtyafterdny, calk¬ 
ing the seams, until tlicy hit able to do the work satisfac¬ 
torily* 'The talk by the instructor ronsists of descriptions 
of tools, bow to nvohl the difficulties encountered, and the 
reading of a blueprint, 

lhe method of imparting instruction In the* men is beat 
given through the question-and-answer tonn. Sheets miy 
be prepared with Use questions jtnd mowers on them and 
each helper given it sheet to read uvit. While this method 
of teaching baa not the approved of the general educator, for 
many reasons it is the time-tried fttcttsfiful method of ell 
short-term trade courses It is the most effective method 
for this type of worker, and should lie encouraged among 
short unit courses for bdpera mid the semi-skilled workers* 
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Liwifr Sram oit ImBKgmo TttAimflO m Smu 
EfrcuNUEamfl ?oa 

OCEsTioy* ahd Auroras e 

Q. If yoa fck ailed on to tike charge of * pl^nt, wfut w^olti 
be your first duty? 

A- To ascertain the met condition of tin? boiler uuf ill Jti 
iltKbmmts (safety-valve, rtcam-gJHigv, pun^ injector), end tii 

engine. 

Q. Mar often would you blew off and dr&n your boilers if yog 
bed ordinary water to u$c? 

A. Ooec a month. 

Q, Wbat bIcbitl pre^ure will ln i ftlknmd on a boiler fifty indm 
ia diameter, tfarw-eightlia of an inch Uiie-k, OOjOQV TJS,, ona-ukth 
of tensile strength brhtt of ssfrty? 

A, One sixth ol tmvk atrougUi of [tab? multiplied by thidtneta 
of plate, divided by one half of the diameter of the boiler, ghxe safe 
Working pressure, 

Q. liofr much healing stirfaiv is allowed per hojse'pQwr by 
builder* flf boalmP 

A* Twelve to fifteen feet for tubular and Sue boilers. 

Q. Haw do you estimate tbe strength of a boiler? 

A. By its diameter and thieloiess of mi-lal. 

Q. Which is the better, single nr clonlile riming? 

A. Double riveting is from sigHeti to twenty per emt Mroofer 
than single. 

Q, Hw much grate surf arc do boito-tnakcra allow pet Lone* 
power? 

A, About two thirds of 9 square foci. 

QUESTIONS FOB DISCUSSION 

t Sou mBbwtarsio waod-wortlnj trade rlugcafrequotb'Wowitb 
ennun intended to teach tire boy the fundamental prindplci of vpm- 
itructtfin. Explain the uhiniagta and diudvuLagM of jt*ft a ■ 

g. Erjbhi why <™* raechmoHi like the iw-ciUed“calotmi odhed " 
qwtax and aunt, Doea act quedejn hvolvt moth now than fr ^ 
iijlMtip nanabf? 

I, Which i* the «wr to Wnn bow to hie . 4 lithe, or tbt narMwl 

. pbdfflHHndHlyiagiiaTodiaBf 
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. 1 A mpaffartdxtat 6t ipprabtt* b t zucbiK-dlnp inker i prtdkw 
rf *dita< p«ws*l ktat to ippnfai if tfcy do good Mffc; ai i 
hrttor ta tbdr pw&li if tha work ii poor, Is tha i good pndfce? 

A lilt p«jtad4eto(taise^programofixtatridodwitiijctbt vould 
tn&L ifl-rapid pncttaltmdNmnif 

A A number cf pnnabtiit tedmtaj rdwiton cHitead that UhIiF 4b*fS 
in nrtiib rtodta sitrl puttiers Hut arm as n bm for gtoHil 
bdlltiipl trtkupg fl'lirl is the ohjeLikm to sudi 4 j>knf 

7, Wl*t NSdncBts tuny be offered for wring b, palmitic nxhutrid 
cducttioii in bhhic trui? re ijuiihg virnw* (n#mtiw« h over a fora of 

trainhifl iovohiiHf 4 ttfiM fif tporill QpttflliOlB f«Hlil & 4 highly ipo- 

riiltad occnpibMiP 

%. Vbil on industrial h'IhhI sod wfr tine dHTeiOKc in aim, metbod, mi 
type of pupil from thn t of U* itgafcr high sdiwl 

L To wtlt ftlki lilidff xlllt LiKHlitkmi do the rrtHttl In pnctkal 

opettare in ptnci*l—that is, skill, Imiiildge, sppKtisthm, ud 
ideal* in one Imde—aHutituta in adtuito^ for entrance into 
another trade? 

10. Dots the experience at i wtU-irrined uurhiniit benefit bio in spy 
mj Trbfli toiling ta be i hflu* carpenter? 

11. To wiai cxtAft dan the gtsm! esperimee at a fanners bey 
kin whnt trthita^ lo In i msrhioatf 

H Viet i tutmbw trf diflmfit hkhutrics and trades, and notice the dit- 
fertste in physical development, utility lo nqjLiti, de. r between tbs 
dab {office trip) ml waftauim, fi^’bly skdtjtl iwdtaata fedptn, 
etc, Clunf)' them as "root 0 MiiiiKl«r or 11 hocL-mbyfa],*' 

19. bptiintb* psycbtic^d reifloii^bj (n}i pupil 1 ho k* tamed to 
urn i qnd Inlhe will tani how tenmu engine lathe nunc q&fcAly 
thuijmpilwitWtutii'biioKbNlgrcifcLtWiivdibr: api&H> 

iuWa apprentice who lias made d viuL lathe foundry odbbatrwd 
tW work will kuu how to ‘draV'a pattern more quietly tlun ■ bar 
wkdriran grocery wagon; (/)«lay who bu done Mint printing it 
lume on a kod-prefl will uukntuul tbc optmtion of 4 pevn^pma 
bettn tbu A boy win t$j workfd *1 woo^l-working; (J) 4 boitb-buiUs 
wiH tan home arpmtij quicker Ibui *. mppemuli, 

U, Is it KceWy For a pupil to bivr (Wdoped to bdibtrwl ifcn, dnirr 
to tan 1 tnkfe Won coining hi bdntlnsl school? 

U> Why it It itoportnat ttat aji imWritLl n'lW «k>dd imitiie bduttry 
vita u possible? 

W !■ tbeBBege^ide tHhwbiil school jtndrnt u iotoetted bt 

■ ItatboOCttkll dunllib&'of a m&rtil* oi he t& b numiiu tbomdlbff 

w 
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LET OF REFERENCES FOR FUTURE READING 

•TblHMr.lblfundtifM OMWR,Afoa 

(AfflendiA iaaaaia U octhuli tfut uuy ba Bjej in bscMnf 

•*PrixijitiofHtatmdwj S^ooi /mtntrfum* OiulnDtGuiu. 

(gpnodM mrtWfa for the idolsmrt) 

4 Jndwirw! UutAaA Vtartart 

ffcaEwL Joseph 9. Tsplor 

tStrtdifcwsWrfiiKi^o^) 

*Qrpiuifuit vid llt&oiit 0 / HwAtiiv [Wims* (Ywml Uirivtii- 
■ctb Bond of EdumlbiL BiiMjh no 3 

(AvrryftnHwiHwaaaiiictkHK Lmsodoo npeiiewc in Msw- 

rfmrttlsj 

*6v8itiref tenon loiLftlif o( TVirLrnfc. Jhitriln 1* J J[ibtd by ftul- 
mttia ^lak Danl of lihlihLrisl HHumtmm 

(Le*wfn viurLcd out bj uulwtrud sdwL lu^lrudon in Vib- 



CHAPTER XI 

METHODS OF TEACHING 9HOP-WORE 

Thim are four distinct wayain which one may be trained 
in shop practice: first, by a mastery of the tools a aA ma¬ 
chines of the trade; second, through developing a skill in the 
hmdwuenUl operations of the trade; third, through a knowl¬ 
edge or skill ol working the maUrhils of llic trade; and fourth, 
developing skill in the application of the principles of metal¬ 
working 

The first method is generally used in the mechanical ea- 
gineenug department nf a college nr a technical School of 
college grade. The instructor tearlies the student the theo¬ 
retical principles on which each tool and machine is based* 
In the machine-shop trade, it would include the theory of 
cutting-speed* principles of each bond- and power-tool, np- 
plcmented by the mathematical problems underlying the 
work. After the student bua received Um instruction, aip- 
plcmented by a diagram or blue-print, he is sent to the 
school stop to receive training in the practice. The purpose 
of this instruction is to give the student who has the capacity 
to deal with abstract technical knowledge a training in both 
the practice and theory of machine-shop work* He is to 
uie this knowledge as an expert, designer, eta, not as a 
journeyman* The shop-work is usually a scries of exercises 
to iDustnte a principle. The method of imparting this in¬ 
struction is from general principles to definite practices in 
the shop* and gives very good results for the type of school, 

The second method has always been used effectively b 
training Bppnenttcei to be journeymen. The students art 
taught by earning in actual contact with shop conditions. 



h the nwchinwhop tbey have experience an the ditfertnt 
uuchirae, doing actual cammerctol work; they «ethat$jit> 
tiug4peeda tm mol oo certain metals, and lean how to ms 
the various device*. They learn practice the ipednmirel 
parts of the machine first without the theoretical principle 
invoked. This method of teaching is from definite practice 
to abstract principle, 

The steps in teaching a lesson in drop-work may be di¬ 
vided into four parti; first, getting the young apprentice 
started thinking about the new trade which he is about to 
take up, trying the unfamiliar things, presently to be im¬ 
parted, with the things he know*, in general arousing bin ta 
terest and winning his confidence. This step may be cnDed 
the "pnparatioiL*’ The master or skilled mechanic does' 
this In many ways; by asking the learner many questions 
which lead him to think about the new work, then demon¬ 
strating work with tools or showing him finished work and 
explaining its nature, or by relating interesting illustration* 
drawn from the esj^rience of the master or skilled mechanic 

After the way has been prepared by leading the ippren- 
tire to think about hb new work, and interesting him in it, 
a simple hit definite operation of the trade practice is ex¬ 
plained to Irina, and be b expected to ratty it out, which id 
step number two, presentation. Tk apprentice is next 
allowed to carry out the simple operation under actual 
coDuaerda] conditions, the instructor supervising the wor£, 
Thb step is called “application/’ 

The next step is testing the subject-matter of the ledftOti, 
During this step various errors in teaching crop out. For 
example; attempt to teach too much at one time; fiUora to 
make each teaching step plain before starting on the Kit, 
tack of patience, tact, or interest.. The instructor ahould 
make an attempt to find out why the student fiub,aid 
should then try to improve upon his own 
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* Wto m fautrwhir b obliged to inch ahnjMroA to a 
cfois if fifteen or more pnvpil^ the stqe in presenting i tenon 
* ate as follows: demonBbitna by ike teachers, practice step* 
by tiiepopilg.iiidthe tests given by the teachers. Ihedeul- 
dastratioa igdudes the preliminary talk to tke pupiia on 
such points as the common names of took uses of took 
bfatt-prinfe dt sets of patterns, measurements or steps in 
ihop practice etc. The industrial interest in the pupil b 
sufficient to hold the attention. The practice steps should 
follow the demonstration, and should consist of one pop] 
performing the work under the direction of the teacher, to 
' the presence of the class. Hie teacher should cornet iD 
mistakes mode by the pupil and offer suggestions at {be 
same time. The mistakes made by the pupil represent the 
common mistakes, end should be listed on the blackboard as 
sock Thi* step is an economical device to save the teacher 
repeating ah corrections to every pupil, The last step 
should be a teat given by the teacher to the pupil*. The 
teacher should follow each pupil s work and give individual 
mitmction. Scrap pieces of stock, etc., may be used for 
drill purposes on certain points that die pupil fails togrup. 
- Pbpils should be taught as of old on project that have com¬ 
mercial value, and the instruction should be carried out to 
a commercial way. This is very necessary, for the habits 
the pupils form are the ones they wtH use; therefore develop 
wftrmwrrial habits. Develop tbe habits of skill to the way 
they are to be used, 

Ibis we see the most effective means of producing skill b 
-to secure interest {industrial); then explanation, example 
nod drill follow. Example is better than rule; imitation 
more efleptiro thin explanation. 

, Man^ industrial teachers nuke a grave mistake by n- 
jdkkfof rather than showing to the motor-minded type of 
cfafli ftaiUttanisoDc ttoitrw^ 
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be utOiwd to grwtcrt advantage. The instructor should 
not nuut loo strongly cm a particular method. Remember 
there are various way?) of performing an operation; one 
method may be pood for some, others may profit by a 
different method- To attempt to farce students to use the 
isme methods is a terrible waste of energy to some pupils. 

One of lire first questions that came before a shop instruct 
tor in in industrial school is, How shall I arrange my shop* 
work so as to give the pupils the most efficient and economi¬ 
cs] course? As we saw on puge it tire avenge mechanic 
obtains bis trade in an immunized manner, often by steal¬ 
ing it Under Lius W method there is no question but 
that there is a terrible unite going on in twining mechanics. 
The moat effective system of teaching a trade to those who 
are about to become journeymen is to assign to each pupil a 
series of jobs arranged in a progressive order. The simplest 
job is one that involves tk fewest element! of mechanical 
control regardless of the number of operations, Since theft 
art ample and difficult oimtions in each machine, it ft 
dev that the spiral and not the unit method should be 
used- In the machinHihop trade drilling on an upright 
drill, with template, then with jigs and fixture* may be 
considered as a good beginning. Rough work may be given 
to e beginner, b which the ofjxratar removes considerable 
amount of material with leeway with regard to dimension* 
roch as turning down square tat stork to tough round in a 
lathe. The finishing cuts may be given to the advanced 
students. Complex work that demands considerable judg¬ 
ment, setting-up work on milling machines, ate., are gen¬ 
erally given to the advanced students. 

In order to hold interest and retain a high standard d 
skill, it is absolutely necessary to'tave the pupib work afl 
teal jobs having oommerdallred value: otherwise the phop- 
work standard mD be low and consist of a series of routine 



it&Hi&G mvmm lit 

perfomanajL The papil does mt hive tbs intern! u>d 
lacks initiative in his work under these condition!, 

The training of students far shop practice should be care* 
fully plagued so that the apprentice may receive an aD- 
ttund shop sperienre, and not be kid on any one type of 
work at the Expense of his training in other phases of work 
in his trade. This has ken one of tk most difficult peda¬ 
gogical problems in industrial schools, especially those laying 
great stress on productive v,ark t :ib corporation apprentice 
schools, A shop for Inching apprentices is usually laid out 
to do commercial work and the foremen and olhcT leading 
men arc hired on their abilily fordmji production, There is 
a great temptation for Iwth the officials and mechanics to 
beep apprentices on work that they ran do to Ihe advantage 
of the shop. Therefore it ia absolutely ncresitwy, in the in¬ 
terest of the proper training of tfus apprentice, lebaveaeiutd 
made out showing time allotment in hours or months, ld the 
different lines of work practiced in the trade. It is possible 
for the apprentice to record the time sprnt on each type of 
work, that he may wc the progress he is Disking, In case 
the student is being used as n helper on highly specialised 
work, or kept too longononceksMof work, lie can appeal to 
the master of the trade. Tk officials nice &hlc to record the 
work of the boy to lietter advantage. 

Hie training of an apprentice in the shop practice of a 
trade should include, among other things the IbUowing: 

At least one month in the tool-mom handling tools under 
the directum of in experienced hand, Hie student should 
be taught shop and manufacturers 1 uamre of the tools, the 
difference between the condition of tools when issued and 
their condition when returned, In thi* way he will become 
familiar with the defect? of tools, know how to repair them, 
wd to decide^when tools should be discarded. 

. At bait one month in the stock* or fitting-room under the 



directioo tlaaUDed ebo frill Inch tirebay the 

tttmeo of the different triads of stock trod fitting*. At an 
early period cf course the apprentice should perform tbcf 
menial and diaagreeablc part of the trade requiring little 
traiaiitgcTskilL For at least one year the apprentice should 
be under the guidance of the trained men so u to prepare 
well for the time when he will be thrown on bid own re* 
sources. He should be trained in work that will develop 
reftponribOity and accuracy, cue in the operation of expen¬ 
sive or heavy mcdurccry. 

One month during tlie last year of the apprenticeship - r 
should bp spent in the estimating department to show (be¬ 
ared of economical work, with regard to the cost of labor, 
time, and material I'hc most difficult part of the work 
rfundd be completed during the lest year. This work should 
bo done entirely from pbnx uml develops responsibility* 

The apprentice or student should pursue his course ac¬ 
cording to conditions Advantageous both to the student and 
to the employer. He should first learn the names of the 
tools, then work with an experienced mechanic, and later he 
■Bowed to work aW under a foreman cr supervisor, To 
Dhutratei if it is desired to have a course for a machinist 1 * 
apprentice, it is first necessary to determine the kind of work 
■id tiie iMehinca necessa^ The 

following represents the different kinds of work; stockroom, 
tad-crib* forge-work, hcnch-work (filing], lathe practice 
(speed and engine), drill-press work, plain milling-work, 
cyMndrical grinding, surface grinding, screw machinal, 
leaner and shaper, smnlkool manufacturing (reamer* cut 
tei), hardening, tempering and heat treatment, tool mud* 
factoring (jig* fixture), punch™ muj dies, general repair* ' 
general manufacturing, and assembling part* 

Ihe accompanying card shows a form that ii 
iwd to keep a record of the apprentice’s shop expedience or 
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pnetice. The content of the trede practice should be divided 
into a aeries of machine, to«h and skip practice*.. After 
each unit cl the series the Dumber cl weed' practice nec- 
ereaiy to make the apprentice efficient should twj placed. 
Far example the series of units for ad apprentice course 
in machine shnp-ffork might consist of the fctOovin^: 
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A working week fonswla of 48 hours mnking 300 X 48 = 
9000 hours in the complcle rourse, Kuch vswk \ record 
should be made, on a mekly f.h»p record sheet, of the time 
■pent by cadi apprentice an the different kinds of work* 

A formal report should be nude every mx months of the 
apprentice's abop-vork and bis related class uvtniefr* 

















This mod aWd topfaed on the apprentice* lifo craL 
vikb is a permanent nood^f tic school and dwdd bo 
kept by the aupervfeot of apprentices, 

The apprentice shop report should mdnfe in flf$£two to 
work done* a mark of either wry good (A), average (B)> or 
unwtufoctoiy (C), on tire following charectenitks, speed, 
reliability workmanship, induetty> iailiative^ «ptitade» 
analytical ability, knowledge, enthusiasm, personality, and 
derision, It would also be valuable to have a recent shw- 
mg in what “be week " or “is dcBdmt.” 

A pupil or apprentice in a vocatfonn] or au apprentice 
school should bo graded according to the aUndaids of a 
mceeeafol mechanic To illustrate: a successful aH-nnmd 
machinist should posses the following qualifications; adapt* 
ability, speed, be able to do good work (quality), be reliable 
(conduct), and punctual (regular in reporting far wok). 

A pupil or apprentice should ho rated monthly in the« 
characteristics. Tbc mark may be expressed In parentages: 


Excellent . 

05-100 

A 

Very good 

... . 00- M 

B 

Good . , 

Hi- » 

C 

fkir. 

SO- 65 

D 

Ttwkh 

70- W 

£ 

Paiksl , . 

... Below TO 

F 


Lesson sheets should be prepared on machines with the 
parts mailed with numbers, The names comspoading 
to the numbers may be placed to the right, Pictures or 
illustrations cm lesson sheets showing the operator tending 
the machine, may be given to the pupil Thera may be 
qoeatkma an the illustration as follower 

Wbt a the nnnr nf Uliw lutriiiiu? 

Hw h the power funtuM to run the inekint? 

Kane the parti oi the uidiiu that you can see, and tdl then* 
pi each part 





































TEACHING SHOF'WORK m 

Whit b the none of l&e operation? 

Bow n the itoct held id tic msdiiDC? 

Name the diAcrat attachments u[ the machine « the wtD 
kut£o»P 

ft 

Ehitratiopii showing tie position of tub may be du> 
played and questions asked aljout tlie use uf lie tools, Fbt 
sampler the following shown the posiliun of * file and 
question! that may I* asked. 



What la a filrP 

Fbr wliat purpose U a fite u*d? 

How Lj a BN 1 made? 

Of what un-tala arc files made? 

What is tin* taug of a file? 

Name the nlhur parts of a file. 

Why is a file someLitnr-H i iirwl instead of being flit? 

How should a fik- Ik- gras]*'il? 

QUESTIONS FOR PlSCl'SSION 

I. If is iiiftnirtor id nood-wortiug gins cmrjsr* foDowbl by n tppli- 
atxm of tint? nncin. 1 , in the Tuna of piodm-tion. doe* this method 
oonrftirtt (»d pho!! tmlningf \%p 
I. Give i unit al iutrurtHn for the fallmriag ttmdps booe mpantry, 
lUdinHlup m^plumbbg. printiut. sod tfertrfcal woik h 
L Gin ilbtof mHi is niduiiMbop mirk tuned on tie unit yog M - 
gkm; go qttfdil i^ftesnn 

pi^fiaaaoflD uheenten a tnde school Jewel to wear awttfli. 
Why? 

f. Why will kBjgpKrtiH hownfnHiftwkamtoindhvMpkniAd 
- taktaff 4uotitiei of nitmil from tha pko, more *> tbii w*uH a 

4. Should an ipqkii&e make aohkr bdg« learning to wipe jaktiP 

Why? 



7* Affltfbet*«ntlei£iio(bBtnttdibtMrtiitohfcnJttn 
ea(lfwrbg; mWd jwi tool Ua to h* frit or read tla *ifbr |bteP 
9. A pattcnwaiksrdwuid bww HoetMuf lUmt foemiry w«fe (hi 
iiitiwtar auantod anting the pattcrn-nkcr in the fouoty; a>» 

ether aud let Ho pmaftelH Art ywcf jtwfr, WVA b ri|lt 
«od tty? 

Appttfftiui art nftal tilted upon tn know about nUjacta they bra 
wit wwVed ugrt*> but haw seOu Ii Uu* jint to the apprentice? 

», AfjFfntittaftoUi^cd to t& tooclncka ii< nmmof took htim 
njoodpbn? 

1L IiftpouUiJetMfcBlunriiiLittliinkvtD^ t&dJia tie 

■drool fvtty (fey, to toe the ituudpolabivc skill required it tie slop 
pacta? 

It. A boy 1 kept & delude Luna on neb muhinc in & nachta-fhop 
nine. Is Util food teadueg? 

IS- A tanuUf md u apprentice madmiiit wre both admitted to n 
evaabf n^doM]m|> count TMifct one wjL mated tie crate 
jnogrt*? Why? 

14 U you nt aakol to tench n prciufi of boj-s bow to run a latter low 
Would you prxredF 

U A iuntj of tie nbiiiiR ™iMs fll tnrfmiij ilop practice in scloal 
•ad life wdiU show tie folkum#; 

a. Undo the olddislmiHd apjwrabratup ijjtem tic ikilfcd jote- 
wjaun Aawed He apprentice low to do Lbe naefc. 

i Tbe ereriag trade Kiloal issljwtor trib Is pupil who hb ■!• 
ftndy tndvnE tout dwp ttniuiq^ low to do a prtc< of wirk, 
tr In many nwtaniral nluMbhAKots the npprerrtta btfpi the 
ikifld DKcluur, and 1 expected to (ducrvc bow njobtedon. 

£ In short-tram private bwk srbwti with Halted fecflftfea th* 
pupil with wry [ittfe practical dpcrioKf, sintpty oWrvw bow a job 
b dent 

n In a taUba Apprenticeship system, in n prtonta nqvtfioa 
fte anpntta 3m the jbb under tie direction of a (lop tatrtotef, 
wfco obtains tie Kama why, 

/. Ufanj appranttas tarn tkelr trade by ipptytag bo * ikv h a 
Brdinfe aod performinfl the writ uitW *af fraction or infeb- 
bot 

f. Apprentice* aou»lltwi off oldfetd to mut from • boot d ifeap 
practice tow &)oblnioM 

te 9one tecnodaiy Induibfel achooli lnvt tie pupD poferta He 
job b th« adwl slop, ud then untie a d ii, 

1. IwhbbrUl adioob of United rqvtpfnent tfwclpijpolifroo abwi 
«t«Sop pnrtire, iwfr^ from the hoalc and tin nettit ElJiWd 
tie ad?aiti|e9 ud dirwdvaata^ee of nrt mrihoi 



mcMiKKiiau tit 


1 OT 0 * BETGBENCE IUTRSUL K» FumUlSlDlNG 

*(Jiji1iihrin and Mtikofa tf r«efiuif VuMtiond (ikf) Jhtydr 
MamvAMfa Stttt JBottd af Bduni^i- falktfo no. & 

(4 dtawta of niftiods d teieHig tof ibt^wak u *gcfad 

out ii Utwduvtti) 

■ IKtii^vdv. IbJfan, nUib) /ofr. Cbnrin E, Alim. 

(A dacunoiL of mrtbotb that will applf to lit inn of ihcj>- 
wnfc, eqmn!ly tb? annnnxiiil ibo|0 
* Far&ffifU JWfc and Ifdruirinl Stiaall BuMill m. 19. 
u Bnii&tt* <xd Equifmntfur .SrWi mi Ciann in Trcdt aid /ndufeul 
Sufcjwfi, Biiflctifl th) 49. Ifafcml Dowd W Vocation! Edintioi, 
W* 3 fcia^on, D.C. 

[Tbe* pcbfittitioaH repraeot tfie litnt UnugMan tim abject of 
Hgufaittoti md DKthodi of tcndiitij) 



CHAPTER XII ■> 

METHODS 07 TEACHING INTERTRETATION OF HtUE-[ 
FEINTS AN1> SHOP SKETCHING 

Tbb language of stop practice is the Mue-print. Direc¬ 
tum are given to a tne^hamc on a Uve-pmut, winch consists 
of drawings rep resenting the wort the mechanic is to per¬ 
form. Therefore every mechanic should be able to inter¬ 
pret a bloc-print In addition, lie should ta able to expires 
his mechanical ideas on [wiper in the fqtm of a sketch. 

Hie drawing that an apprentice will need for his trade is 
quite different from that required by the draftsman in the 
son# industry. A journeymnuprinwrily requires the knowl¬ 
edge to read a blue-print, to look for clintensions, lay-out of 
boles, and to he able to make rough drawings of the work, 
A draftsman requires the ability to design, which necessi¬ 
tate* the power to think in the altiLracL Some very suc¬ 
cessful teachers provide Lire same course in mecfcankij 
drawing for the apprentice machinist and the apprentice 
draftsman. They fail to consider the difference in purpose 
of the two conned nod the different types oT mind, which 
require different methods and content. While there may be 
same justification in teaching exercises in drawing lines, for 
the abstract-minded pupils, who desire to learn mechanical 
drawing, and who take education on faith, it is not the 
method for the pupil of intensely practical mind, who d* 
dm to know bow to make a drawing in order to uait him 
as a mechanic. What is gained in technique by the oaf* 
on method is overcome by the lack of interest and failure 
to make proper connections. The practical-minded pupj 



TBACtflNG lHTEKPRBTATKW OF mmmm 1U 


la more interested in u object he is drawing than in tbe 
method of drawing. 

Coureee in driving lor apprentices or trade students in 
a voc&tiM school should begin with sketching pictorial 
views of simple took *pplin>c«, etc-, drawn by means of an 
ordinary school rule and simple school compass. Then show 
that it h necessary to have tuore than ouc view to bring out 
all the details. Tlrese views may be obtained by driving 
one aide at the abject at a time. Each side is called a view. 
Usually three view* arc required to bring <mt all detrila— 
the plan, elevation, and cud view. The following sketches 
d a planer block far machinists will illustrate tbe views. 



The first day an apprentice or a pupil k in a shop be sees 
that the teacher and mechanic talk through rough sketches 
or drawings. Therefore a boy or apprentice should work as 
soon as feasible from a sketch or drawing. He soon tarns 
to look to tbe drawing for information^ that there ire certain 
forma in which this information is put, dimensions, different 
view* lands vt materials, etc. 

* It 



Put idarawtioa in Form by rimpk dmp sketch* (fra* 
bud 01 mechanical) that cany the data. Be lure tbc 
sketch contains aU the points rcgardlm d cradpe* ol 
form at finish. {> 
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J«wn £Jk4 on Dmwiflp 1! incAai Matched FtaffkfJorBom 
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mettle jvTtmmrcw or bu®-print& m 
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TEACHING iOT&f®*TlOtf OF blue-prints m 
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iZiCHlXC JtfTEAPIt£TATIQN OF BLUE-FEINTS vft 


lMmSfatc»Dravi*f a Jfofcfod Jwti 



Dnv & ufcw fyart si tind moAf 

MOffor EK4D Moving jWHl WfmUtf 


FtoUnw in Dravijtjf 

L Hike i Ene-bud drimog of the following! 
(a) Knife awitch 
ti) Globe Tilve 
(t) Faucet 

(d) Linlc trap 

(e) Lathe ck# 

(f) HrcAguall head bolt 
(p) Soldering Ircm 

(A) Funud 

(i) Micrometer 

(j) Screw driver 
(Jr) Qaw hammer 
(i) Colddhi*l 
{») Twiri drill 
(m) Reamer 
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TEACHING wmABTAIIOK OF BLOE-PBIKTS 191 

Gnrnu Cooisii or SrmT-taTrarearAnaw or Duinso 

Fir* Kw 

Oat month: Stunt, nmple (Stpbnatfons el the purpose of the 
cpune u(I the value of it to ta apprentice. 

Freehand Bomebria (or perspective) sketch cf a rectangular 
taficeofvtocktrp^iodmttuiil^, Ihawn bom copy without 
dimensions. Sketch of my other rectangular parti drawn from 
copy without dimensions. Then unit dimeniioflik 

Free-hand sketch of part* containing curved lim* Use rule for 
menuting only, Blank stock, nutH, Wte* wisher*, rivets, screw 
Unewfanuy bo mod. 

Four fiwrtttir Introdnct 1 lettering. Rough i«irfl sketched of 
file* chisels, wroicb*, vaikins kinds of hammers, appliances, heat' 
bg furnace* shape of stork used* Mart names of parts of togla. 

Few norths.' Drawing of shapes of stock in two views to develop 
the idea of projection (plan and elevation). AUo vim of stock 
assembled in two parts. 

Zhra north: Sketches of parts of wash, or boats, or stock* or 
engines, or motor* or dynamos, or wiring, etc. 

&ronc( Ytvt 

Om north: Drawing of simple parts of the nuchina used in the 
ilop as pulley, levm, spindles, gran, cutting heads, etc. 

Thm nontkt : Reading of simplr bloc-prints sneh as used m the 
■hop: dimension of ports, distance Ijrtwccn renters. etc. 

Out month r Drawing <rf aimpto parts of machines used in shop 
involving two views. 

nr* nwrtAr: Applied gcamclrical ennstructicu to practical 
wort Id the shop such as rnsenbinK Inreagore nr eroding perpen- 
diouiVd bisecting aogle* reproducing angles, division of pfafe circle 
or otlff problem 

Ont ittimA: Practice in drawing assembled parts more difficult 
than before. 

fffatf feortffa: ftictire in drawing assembled parts fotrahtcieg 
the idea of simple shape* expanding into irregular surface 

rSini Fast 

fflztuntb: Apprtmtire may begin to ink in drawings, bio tad 
m*ke a Hue-print Drawing of two rim of parts of ma chi n e* , 
Sectioail tftm, 



-, v v. - ' iHDbiii'a^ - ~ . 

parti nude in shop and ihow boT hutafled, 

0« #umtA; Prarticejj& making drawing of complete pmcbiiw, or 
part* of ship* or boats to ihow knowledge of meclaaiiiD working 
and wtutrariion, t 

Coma ov Sthdt or IimapairAnov or Ettr^Ptnrw tor 
SmPTTTOHI OOOBD 

Firtt Ym 

fta fflfflftf Practice in making rou^h pencil iketcba of Duty, 
bolts, met*, Bcrcws, waeberc, tap. Both isometric and plan and 
elevation vicwi, 

Four nonita; Practice in miking rough pencil drawing* of took 
well u flies, chisels, wrenches, various hammers, appliances and 
metals; Wtmg furnace; wcygrti ncrtvlenc Bet, etc,; simple platen, 
rivets in section, angle bars, tre bars, Z bars, channel beam in two 
viewi to develop the idea of projection. lb illustrate: rivet spic¬ 
ing, design moot view should be given to iDustrate ample connec¬ 
tion*, th*t H,adeck to s bulkhead, bounding bun, etc,, it water¬ 
tight, uoft-watertight and oil tight bulkhead sparing, Vinous 
typeset rivets in plates (in section). 

Four nortAi i Pencil drawings of dupes cl To, I>> and ehanneU 
Two view drawings of bulkheads, beaded plates, batches, msnbde 
doors, (watertight and nem-watartiglit) gtm porta, hammock berib- 
ing, etc. 

Thm waiSu: Drawing ot hlower foundations, scuttle butt 
Incbtij tank foundations, lcn« beam ecameetiouH at decks and 
floors; hatebea and door combings, snununitiw stowage, «dtarj 
partitions, compuiouwapi, access trunks, etc, 

ScNtid Year 

Drawing cf simple parts ofmidunes, wch m pulleyi, 
levers, spindles, gears, cutting heads of planing and scarfing HU- 
chinel, Hus will give comjidenblri practice iu ti>e tise of drawing 
jnftnimenUi 

flranunt&i: Practice in reading hlue-priiitfl-: distance between 
odrtdt of rivets, interpretation of rivtting tabled, the drawing of 
fiodM, brtfiHHUli and lines on ihtll dope of keel drawing tit *■ 
heeb (vertical, bilge and docking}. 

. OMnMtk;lhMinflpf^fbnuo(dMubyMuiptttiol 
pigglaig maebba (two views), 



«achmg nSrftftrtofriTlDN op BicE-renm hi 

7km nwdfii > Initractioo lathe location pf pari* an jimmied in 
oomtectioB with tbs drawings of cuabimp, itnwa^t «^rpJud (to- 
metrical nflUtruction — erecting pcrpendjcidan. panUrie; e«pro- 
daring angles and division of pitch circle*, Practice in location 
flf the iea openings of a ship — hatches, gratbgs, port Wes, AeD 
boiiti,rt& o 

Om ffwsil: Practice in drawing assembled frames, engine founda¬ 
tion, and double bottom sectiona. 

Hwiff iriOH&r Practice in cbming assembled part? of a ship: 
frames, lattice wort far torpedo bulkhead, digit mast?, etc. Loca* 
lion of IcGgrtndiiude uvd lines of nbdl and deck? from ofbeth 
Practice hi picking turn from book lubW begin the study of fine 
limplc shape* of the expansion on irregular surfaces. 

rfiihi Ytar 

Sit tto&fltt: Drawing of the bridge ammunition hoist, Vmured 
ttptaka and views on tmrcU: work on compartment rarnngc- 
merti. Locating deck scuppers, boat stowage supports, etc. Cot- 
riderable practice should he given in "inking in." All drawing* 
made in the third or last year should lie inked, traced* and a bhfr 
print made of at least one to iDustratctbe principle of blne-printiug, 

fVw TTWni/u * Practice in making drawings from data ot sketch oil 
part? mad? Id the shop. The apprentice should alar be taught 
bow to mark the drawing no u to show installation of parts. 
Trurene and longitudinal drawings from offsets of tamer and 
octet bottom*, bulkheads, location of doom, trnnbg, etc,; through 
plating and bulkheads, gun port shutter* ship ladder*, Abort and 
deck frames, splinter bulkheads; foundations, tanks, boilera, <ai- 
gina, pumps gun and tnmt, etc, Dmwmgof the tateraectionof 
objects by plana at angles, u for example, chain pope on deck; 
ihefl hoist through turret levds, eta. Drawings involvittg triangu- 
tatum to kad up to tbc drawing of developed shed plating- 

Out mutt; A cro4frwtioD drawing through a given frame: a 
lolgztddiDa] aertkm drawing of a ship. This is given to test the 
apprentice 1 ! knowledge of the ihip and the uk of related plant. 

QUESTIONS FOE DISCUSSION 

L EqAdoirif airaqrafi^QticaiippnfnAtiBienttBdbtpaorif 
pniwtd <swkdr*iii?| bni, sfcijdy th“ b adtatinta 
tt c pawl Ink* b itop EaghsL 



I. li mrrfiariwl dfiwin ^ndinwctil totJ tnda? 

L ^fvna Mimi tl« dnwt^ t drt!Uua paim ud 

the drvwug 1 kAwhc W*k 

4, II ysu war tearing diming to * pif of Btrinufi, «wU yoo 
bejji liy toyi*^ thfl ftnnh nnti™l pnUcnu n gmubfi 

A Wtat rioidd a boy brtwem U» |gs of tauten ud ririrtn* in tu 
inAntri*] Kbol bww shut 4 drawing?!. 1 

6. Hew wtckJ ^prsctft tie tint Ls»n in ibop jAetcUag to 1 poop cf 
nriiast ippttnlteH? 

7 . Bra would yon pnsmt a lr»on io bhfrj&fat nmfcq to 1 group of 
ftipflUen b an owning Rfbocl? 

Si h ft 1 good plan toip^tinLbclH^nfmrfiMifiDHheddnwiiip;iDu 
ifcduftii] Ktootj 1 WhyP 

0 , Iiftpciiltileta tleaToisgE uktiwttisl pcbool |4i»iJ tocoiKCbtrote hit 
Italian on Uxhrique of Jtuia L-afl. ami tl* pibdpta of (tawing 
infntwdi it tie ume tune . 1 IVTiyF 


LET OP EEPmNCE MATERIAL F0H fPTTEE BEADING 

fah* tf Art in fh /Juki* wJ &towf r Vf . lupa. Nttioul Edinr 
timJ AnocWion ftocecdipgF, tail. 

(Slum the nmi of Bit b ill phisra of bJiUtrial eduealiob) 
+flfcp£kfcAup. Frank E Matbcncm. 

{A JiiLimiu&of tV wlijcdnf atop tabbing and tie methxl of 
taactibg it} 

** JtoUmi tn tfafaniraf Dnmnj Cliatlq A. Dnurtt 

{Collection of pitta from which njitihle nutm*] nay bt 



, CHAPTER Sm 

METHODS OP TEACHING SHOT SCIENCE 

Consstfl lii science were introduced into the secondary 
schools of tbiA county about a generation ago, on tbe 
ground that a training in science was a desirable part of a 
high-school education. The advocates stated that science 
was the foundation stone of modem industrial development, 
and that every pupa] with a high-school education should 
Lave an interest in scientific discovery In order to Improve 
and enlarge tbe methods of scientific reasoning. 

Tbe course of science in a high school consists of biology, 
botany, geology or physical geography, physb and chemise 
by. The subjects arc presented to high-school students 
along the Lines the teachers were taught at college, in order 
to develop the scientific attitude of mind. The work con¬ 
sists of textbook and laboratory practice of a very forma! 
character; that i^, exercises to study the lam of science foe 
their own sake. The teacher acumen that if the pupil 
knows the principles of science, lie will be able to discover 
these principles in operation in the ordinary Affairs of life ■ 
and shop or industrial processes, 

Eipeience has shown us that Um a sumption is nut true 
for tbe average pupil, To illustrate; after the avemge boy 
has completed a course in physics in the high school, be 
will go out into the industrial world and pass ^ver many 
practical applications in which the principle^ of physics 
that be has studied would apply; 1b foils utterly to recog¬ 
nise in these situations the physical tarn be bom only 
b an abstract way. 

A bttjfl umntar of colleges and scientific achurii hove w - 



Mi 

rectcd this false notion by establishing tiro deportmented 
nIbum, pura Baence and applied science, The department 
of pure science Inks tbs student to study the lawi of natenv 
aad are oactly what th^arejKgardkMo/QrtpmticiIw 
of them. Tbe theory underlying such a cour|e is that tiro 
student can accomplish the best molts when be conceit 
tntea ha attentm on the lews of nature without tbe fcppli, 
cation, Such a training develop# the research srientbtj 
who, in order to wurk efficiently, must concentrate hits atten¬ 
tion on a few facta at a time. Tbe course in applied science 
ii ty train 4 student in the application of principles of M&gnoe 
to industrial operations. The course in putt science has 
failed to do thia became it bus neglected to lay emphasis on 
the mental activity which wc call “application," Psycholo¬ 
gists have shown that application is a moat difficult mental 
process, and needs to be learned just as the original principle 
b learned. 

While tbe progressive colleges have differentiated between 
pure and applied science courses, the secondary and inter- 
mediate schools have failed to do so. Various attempts 
have been made to meet this deficiency, in partly the intro* 
duction of first-year general science lei high schools; but even 
this course has not been sufficiently developed to say it is a 
success, The principal reason why applied science teaching 
baa not been more effective is due to tbe false theory that 
the average student of hiph schocl age can acquire the scien¬ 
tific attitude of nuodL and that the high school should pre¬ 
pare for college. While the author betievns there la a place 
for the tradition*] courses in biology, chemiitry, phywo* 
etc, for the bay between the3gesoffourt«naDdfllghtean,be 
u also convinced cd tbe absolute necowaty of an entirely de¬ 
ferent course in the application rf prioripks of sefenea to, 
.shop and industrial practices for (ho majority of boys who 
are destined to enter Industries. Such a course in seteoce 
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vrifldeTefc^ a type of mental nttiUrdewhto 
to the fodcotriej of thij country, This course m shop or in- 
dnstrfal science will differ oonriderabty from the Applied fci- 
ease coahe b the college, ai the types of mind differ, d- 
though Jt Yrill bear somewhat the same relation to the regu¬ 
lar science course aa the applied science 1 bean to the pure 
•dance b the college. 

The industrial workers and tradesmen an recruited bom 
the tanka of the motor-minded children with strong phy¬ 
sique, who an mechanically indmetb The type of mind 
represented bp these children is not able to gmsp and under¬ 
stand abstract scientific principlea dErimtly, or to the et- 
tent of the abstract-minded child, who has the power to 
grasp and understand abstract principlea without a back' 
ground of experience or observation. The mechanically m« 
dined boy bu a tendency to personify all chemical and 
physiol changes. He is able to reason one step at a time 
Only, and usually draws on Ms imagination in explaining the 
causeof an effect The habit of personifying action is ray 
common among all mechanic*, Wo explain the effervescence 
of add and a metal as “boiling,* corrosion as "eating; 11 etc. 
There li another great distinction between the practical me* 
chanic and the man of scientific mhul The practical me¬ 
chanic has the strong force of competition acting on him* 
ud he develops the habit of performing practical testa, 
“thorf cats," or quick methods; that n, be will cut aside a 
method if it does not “work/' without studying the nasoca 
or analysing the situation, Hie man of scientific mind, on 
the other hand, will spend considerable time, without regard 
to etpenie, in order to test the coherency d the reasoning. 

Therefore a course in shop science should be adapted to 

the type of mind of theW 


i Sm Afjfoi JWm f* MttdWtohtt. ud AffriQamefcrWvd' 

Do*?. 
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ft worker and to the need* d tie diAerent tnufc*. Th* 
course should ooonst of the primula of srietwe underiy- 
Ing the raw materials, look, appEaocts, processes, tygieoe, 
eta, of a bade. * 

The method of teaching will consist of sludging the prit> 
dpta involved in the manufacture of nw materials, action 
of tools «nd other appliances, the principles involved in the 
processes, etc., with not so much emphasis on the shop oper* 
ations. By discovering the common principles in a gnat 
variety of shop situations in a bade, a type cl mental atti¬ 
tude i& developed which Eh very different from that which a 
cultivated in merely contemplating n angle fact,as in the 
case rf pure science. The motor type of mind will find b 
the above course of shop science an opportunity for cottr 
tiuunns mental enjoyment end the development of indus¬ 
trial intelligence. The method of teaching shop science a to 
be inductive or the natural method, rather than the deduc¬ 
tive or regular school method. A suggestive plan for a 
three-year apprentice course ia us follows: 

Discuss objectively the materials, took etc,, with the tool 
or picture or diagram before the dasa. 

Then have the doss write the description with sketches fa 
a book. Moatpupds licit the ability oud kncrsvledge<d Eng’ 
Ikh to write a description after the teachers talk There¬ 
fore It la better for the tear her to write the description on the 
board, and have the pupils copy it. This plan will develop 
a technical vocabulary. Teachers should correct the books 
at kart once a month. 

Ths work b Rcieuce should be covered in three years ai 
follcmi; 

I. Knt year: 

a, Properties and um of materials, etc, 

b. Description and mnnuficture of hand took, 
e. General notion of tiansnission ol power. 
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Eflsedrwr 

c, BEacejdetaikd doeriprtiDn dfUke ot«jii^bctun of mMeridb 
Uftd^ 

h More detailed description of tie parts, ukb uri mum* 
fecture of power took 

ef More detailed description of safety dtriot, 
i Mon detailed dracriplion of tnuunraoc of power* 


Ilf. Ttlrd yesi: 

a. Eerie* of principle* of (denes underlying tridi u 
preflOflJy dseribod in m unarginutd manner* 

£l Study of tlie principles of taring apparstui* 
f. Study of the strength of m&tefldsi 


To fllustrete: the shop ctertriciem should receive s tninim 
hi the principles of science underling Ihf manufacture ind 
the operation of the following tools: 


EMrfuI Btfortaai: Mstkinei. Twit, qwi Malmdt, mi n f&r 
Trade 

ifw&HW Jfrtrisb 

Lathai toga and fm&U Sheet bra— ft to ] in thick*** 

Drill pnnei luge wd mail Short copper ft to ] in th&pai 
Prrr* Sheet iron A to 1 [njhidtmfc 

MUfagiuduiK Rodbna 

{Vreh pmu Hodcoppa 

lfctfln (ihuat) Bod iron 

Copper wile of wfota ure ud 
with different types of fouls* 


lfcbttfe*4 

lloferftftttipamd) 
O M tadiw [GA type) 
'nphadbi usdfrei 
M types of Mongo Uteri* 
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8<t»d Tv&far 


Tbui, parita 
Wrath, Stillm, #' 
YhtK^mva,#’ 

Wrench, monkey, 6" 

Wrench, monkey, It" 

Knee racket lS?" r sweep 
Bit (wood), f 
Bit (wood), r 
Bit (wood), f 
Bit (wood), r 
Bit (wood), l” 

HW,f 

Screw driven standard, 6"" 
Screw driven, itvndud, &" 

Screw driven, standard. 18 w 
P*if pUcn, long note, 9 n 
Fib pliers, side cutting, 6" 

Fob pliera, diinmffldcuttinf. 9" 

Quid, wood, U" sodspt firmer 
Child, cold, V' X ti" 

Child tdU"**" 

Vm (lien, gw, 10" 

Gauge.*" 

fSir irinor* (cfecO, 5" 

Center porch 


Nad set 

QuunETt bull pan, 16 A 
Hamms, claw, SW a „ 

Drill, End hood, with bit 
Hack saw fume' 

Hack hw, 14" hum 

Bit, wood ripuuian, }** to 1}* 

Reamer burring, 1" to U"" 

Saw conipeav If' f 
Copper soldering, i as, 
Drill-bit, wood bdl-happm 

rxir 

Drill I" X M" 

Fair calipers, iiuide joint f 1 
Fair calipers, outride joint 6" 
firm 

Pair diridm, fl u spring 
Ruler, (I Ft. folding (wood) 
Ruhr, ! ft, folding (wood) 
Square combi ration, IS" pp> 
tractor with head 
Fair pUffis, round Doer, 0" 
Breast drill 
Touch, aktobol 
Gaugawire-BXS 
Gauge wire, mkroiDettf 
Hammer (tack) 

Tape nwaum liner, AO ft 


fMWffiiwiNni 

A. Power and its ipplicalkm in the Shops, 

0. Sources of power ti applied to DJflchiwa, 
b. T^idsuiHioa of power from saiutei to vuiow ihopt, 
tf, Pulleys 

d. Belting and (halting, 
t. Electric drift 
/. Gean ud gearing, 
f. Rim Telocity, 

A CtUog^speed. 
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PftWemi 03 the pdcdplea of idence should b* ciprwed 
in t*m* of actual parts rf u machine that the itwdnut or 
appmitice baa muted on m the shop. For Haffijdi, die 
belt shifter of an engine lathe would illustrate the prmriploa 
of levers. # 


Bpteam Lam Skid fit 8cittwf<w Machm4s t iftirfn% As 
frutfMf h*w 


(1) IheifliBUiKt of thebdloaliuelY iaBOpoundi, IfduKfr 
liwAis^bcliaiindBlfifalhLwiiu^ pounds must a machm* 
ifft apply os the o>d ol the 
aim at P id «der to shift 
tbebdt? 

(t) H the nsstauct of 
i bdt is U pounds, the 
shifter arm £0 feet tong h 
lodtheihifterrod fattened 
I f«t from the upper end 
of the handle, how much 
pud murt be givea the end 
of the arm? 

(S) IfdkHnsun A is IS 
inrbu and B M feet, how 
many pounds esu a man 
tRft on Uk bdUhirtrr 

red at W if he pahs tiQ pounds oq the end of the 

mm Pf 

(4] Boo a belt shifter arranged like the figure it 
. becomes Bncmi? to move the bdt-shifter rod 5 
jacJm, and A is B feet atul B 14 feel* hw fir must 
* the end of the bub P move? 

(4) 'ffbfO the cad of the ttu F moves 14 inches, 
haw far from the fulcrum should the belt-shifter 



t pd be tasted w order to impart a uwtkd of 44 ft W, 
* itisiinrioa B being 00 feetf 

HO Mata a ittfefauf a shifter in which the shifter rod is attached 
^*tp the upper eod of the arm, and in which the inn swings about a 
■ pebt wtfHiwito, Tbb sketch will be shrufertc figure, except 
that the fdkr^ia wlD be located town down the handle and the 
drift* red tH be above the fulmuL 



m mmmtwcmx 

ff) Boppo* that b a drift** unified Ska font ifabfc the Ht 
it to mm 4 fodm, Od the durtane from the vppa ad <4 fee 
bmiotheboUibntwliKhitnii^klEQidHL How fir bit 
from the fukruiii bolt to tin lower ad d the handle, if fee ad of 
the handle b rt*trietsd to i nunamit of IS bcheaf 
(B) In l shift® i* shown by jnr sketch, doe* the iradfefcaitta 
be rawed in the nt or in the oppoate direction faun tint tn 
wbUi the belt b to move? 

{#} II» problem B> a Itm of SO pounds a neraMiy it Ihe&ttto 
A order to move the belt, vbat force toutf the machiitft u«e cm the 
Inward of the handle? 

The toteming of "horae-power/'“kilowatt,” "mechanics] 
efficiency” and other mechanical temw of common wo 
fihmld be nude dear to all 

Mimttautm Took uad m Stem fflsnt 
Qfating hammen Pumps 

Electric*] pyrometer for anneal- Cmdeuen 
[ngfunuoa CW-hjtudUng equipment 

Cruet anrhead — tmehng Ash-handling plant 
Efentadt hydraulic Feed water beaten 

Aracatiag furnace ' Son printing fume 

Heftipg tyilmi Calculating machine 

Djmtmja Adding machine 

Air coenpetMon Bliic-priut machise 

Bods 1 ! and total 

lubmwit iftm, Map Sap&ut, ale. 

OjUmtinf outfit CW-hydrcmetcr aet 

G»fe tot pump Specific gravity hydrometer aet 

Vacuum pump tad mnemM Traction dynamometer 

■celea Hydraulic gauge teats 

SkoiitiTe balance and cabinet Teuak testing machine 

Ap|k TbeosKltm QiUrftin| (notion 

ifewww# luttmmtntt m *ot ta tfe^Shtfa 
1. He watch 

1 He jad tUck—ft foot rale, «ted tape 
■ <L Calipert torihaey and wiepomrin} 



in 




A Sals 
A TlmiotBda* 

T GuiuetM 
A Water tietm 
* 9 . Electric Urtert 
10* Machines (or tiling tn*terWa 

Bpedflc gravity should receive ecniidertbie attention; So should 
the mechanisoij d the hk** oonuncro. tyi*! of metet*. Practice in 
raiding nkrouieten, calipers, anJ gw, vita, sod electric metn 


iSq/rfy i* iWiufry 

0) Hmenity for guarding against industrial accident*. 
(2) Safety devices and their use* 

(B) Hie human dement in accidents. 

(s) Ignorance of danger. 

{it) A preoccupied mind. 

(c) Tboughrtleasnefr 

(d) OarrldDeaiL 
(f) HerkletnKSSv 
(/) Showing off. 

is) Lowered vitality, as inittoe** 

(4) Excitement- 

(l) Fooling and ploying pitot* 


1, The sqfoty mutmtni- 

A statement ol the industrial accident problem giving ifca- 
lisUaoftccSknte in the United States ie a whole, tat groupa 
of industries and in parljndsr phots, Include. A poarible, 
statistics of accidents in shop, vith specific diaiflflalm 
Indnte faun data that the majority of acddmita an not du 
to 0Mcfcba7i or ket of Hfegivrd*, but tath^todntkaiaeat, 
or iadBoence on the part of the vnfcmen> Uttofribk* 
i. ifaeptafr tae crgfniindfw *a}tty> 

Gin typical organinUcna (or safety in industrial plants 
and cite the reduction in acddefite rrnultjng through their op¬ 
erating, Cotw the proposed organitatioa for the shop. The 
duties of Wpcfcnm'e Committees ahemid be eovoed h detail 
tA 3afe«id «uoft («disar. 
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' HcUota nwhini cfeaitj &™ cvAmm^a the Mt^ol 
fa workmen, UudepmctjHL lodfcita haw the leumt 
might bn Inn traded. 

*, CM fotNfasvpng and tit triply burnt 

Indite the ration of good bouekeeping to the Boadent 
hlwd, in-, keeping the shop well denied up c^d orderly ir- 
iwged, life piling of material, neb and receptacle* fotloola, 
iteck, etc,, the tripping hamd. dear aide* and passageways, 
eta, 

& Tto wnifritriiMW! of sttfefuard*. 

Exhibit fa racks showing construction cl common guide 
tor bdb gears. etc. Use (klidc* of typical imtallatkau, Indk 
eating the materials used, etc., etc. 
ft, Stabua?/*, floor optmngt* T^orntj, acqffctds and ladders 

Standard hand nils for stairs. Boor openings, etc.; props 
mgfctor stairs, ladder), etc.; riides of unsafe ladders found in 
use; standards for construction of scaffold*, 

T, ftrotoumuton qurpmeni. 

Indicate in detail the standard requiretocntl for guarding 
aHinairsiijdtLn&jVlcflbdtr^aiidcorintcr shafting. Guards 
foi vertical and horiiootaJ bdta. shafting, etc,; safety cni* 
plingf, cdkri and let screws; remote controls, 

Slide* on guards lor circular, string and hand saws; Jointers; 
pboeniBhiipm, Emphasis: the need (or along inch guards 
as are provided, 

B. JfuAfitMfop tomtit* 

Slides on guanli for drill pitas, Mua, punch pmm, 
boring mills, etc. 

Id SqfdviiifwndritK 

Slides on safe foundry ladles, guards for no! aixaa turn* 
Una; foundryiWfl shoes; leggkgj, jpfgH bod lafaft 
ate, 

1L tospnritu. 

Walks, railing and platforms; trolley guard*, safety Unit 
■tops, limit switches, etc, 

R aqfauodr. 

Slides Dd proper mountlag of wheels; adjustment of mi; 
Atrip d guild toe wb«l; eye shield, etc. 

R ^spnMuii, 
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Stic* nd tithkh of gogglea tor rhippws iad grlndera and 
Cfliawd (fr-H tor dedrio wdden. tie. Indicate the dangers 
d pkfctogthing! out of each other's ey*; dunr the ntetkffl 
la eye Injuria vhnw men have used goggles, 

11 EJrtrt^Wdf. 

Ii bintenvoa apparatus dangerous? SLida m uhtj 
switches uk of rubber (Jjra, skeva, etc. 

Iff. FirdmdtotMiiijvrtd' 

Demcaftmte the prune proarure method of Artificial re*pi- 
ration for dectric phot ic, drowning, etc. H tm members of 
cUh try it on eieh other. If pwibk, have phyiidu from 
medial department present, 

QUESTIONS FOR DISCISSION 

L Piibra-mihai frequently determine Ihe weight of a ruting fro® a 
patten. Tld* dependi upon the t^nripk of specific tfiritj. Wbw 
wouldjmtnchlbcpitleriHufctrlta theory of <ipedflf gravity? Wbyf 
ft. Eaplain why in apprentice rtevn eagireer would in the beginning 
ntkr wMrtnl than calculate the B.T.U, power of the <»L 
ft When should a plumbing tpjmtire receive the chemical ccDpofitki) 

of' rawarid/ 1 “Hid kuH 

I Who dwidil woed-wo^m nctin the fcnowWlge o( the growth of 
tnH»utobeahle totdl the defats in the wood? 

( When would you teach the nuctunat the Uieoiy of the miamuttsF 
ft fa hutador who m nphining the use nf a ^sender for the 
Bid time also indiurled a detailed dnnipLkm of the construction a l 
the rnttumaib Was tbit good twhiag in n industrial kIwI? 

7. D you were an toetfudw of appkd pk, sics in an imfuavtit *dwd and 
ctaind to teach the suhjert of Inera to a (roup of midrinHta, how 
wemk yon itart? Why? 

ft Daihg the ffrrt Jew raorthi of a mine id shop erimt* wodd you 

plaaiaoKvmphiiiaodthaiHaftflptricacnottliipiipdvtbenb- 
jpeft b the hook a laboratoiy? Why? 
ft Whatii the principle of wbm !n™|™i in jpdlfrg bontpoiMv rf a 
ghw ogtne from an indicator ani? 

1ft flow wocjd you present tie subject of honf-pewrr to a group of fire¬ 
men bad eveimtf trade claw? 

II What principle of science ii invahhl iatewi^lbefrttilHP«d£rt 
diCqntiKtila? 

tft CnatfaeofvUbHCifateMdHwh«lrtwyouwuvU|H«thia(laai 
rfphttmHialHn inn evenlni ichool the (object if pttiti «&ti 
Cl Carifof tom pattern by lafck d hide nombnF 
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1 H ftnuH » pt^iQ it a ptwblat (baituet* jttioJa i| bn tbt 
usprffaidioUafkrf Wty* 

1i A^»mvlH«lpHbidn,%iiiUlicrfa4*eqQbd,fbiAvctife(iT 
tie tatty, 

19. Ex^jcd ftli not (fiflchlt to bdi t>t attotW of ■£ boyi fat it 
bat 4 vtfe oa 4 meting nude! d an HtenUlb 

II KtflJifri wfcj Aost DecfaubSiid H tiflculHd <U£h pnfabu id 
ntdttab Ed tiu abator 

Wbt ofcjtctkflj«the* t-o t t&fV of tttdd tfwJ? btatfedit tCad* 
Vog ibop poctkef 

IS. WS? Ji It difficult for the Uadwt to rocclv? real mceatiitijni « tin 
tiunetiod pfindpb of Uk mtfbuici d * toei from tbc 
bdutnal khool pvpilP 


HOT Of REFERENCE MATERIAL FOK FUTURE BEADING 

*4fptiU Stfvet. 1 If. Vurwro, Ntf5™J Edi^mtlcm AModatioc. 
FtoatdhwtMll 

(EtnphuiKi tin impof turn of ttir applieitiolw of thr priacfeJcl 
ofacjentfO 

**/idMfrui flfftimr and Fonriona/ £d«rofran, Nation! Edacatioi 
AiaocUtta. Ptwtfdmj* W|4. 

**ffeirfrfuil& wmi. GntRcIlrTviu. UnvijfeiqfffannkiTEfr- 
astiiM. Edsted bj Vaid Miirrof. 

- [He fiiu and vshi* or An catd^ icitflc^O 

‘toforfAv^JV^- CRMmn. 

[MdtliHk of toebme wnemfl ip ocwndwy edwok) 
finmc* rwAihjjiu Qatarfc. K. LTlnmlfc. SufMg 

94. New York State Department of Eduntioa 
(Need of men pnrthl ieSew tw&inj-) 

* das ItWwfa. Ar±fl*Id WUliinu. 

(A description of tbe indinlrid upplxatiMi oF flera, dectridtjp 
optic* bdiuitinr H(ti, rtr,. in ua? ilmpfc Lmjuigfc) 

*• Htbiiw it Jfflrfrm Jfaakfafura, diaries It Gibson. 

(A popular annul d nnn '""*'■*‘**1 ml dtoksl b 



CHAPTER XIV 

tNDCBTUAL DR SHOP HmfflHATfCS 

Dm of the most difficult subjects to tench eflectrrefy to 
boji ia vocational mathematics' This may be due to the 
fact that many principles of mathematics arc very ebstrect, 
and have never come within the experience or observation 
of the rhilfb The lawa of mental development state that a 
(MUmnstbeTdgmdua%hitoa^Bbatniotaub]eci There¬ 
fore the principles of matkmatica should be vitally and pet- 
natently connected with the pupil's experience in a shop* 
When this idea is instilled into the mind of the pupil, be will 
go about hid work with greater interest and leu coaxings 

The first part of onuh kxwn should be devoted to a discm* 
skft of the part of the trade Unit requires the principle of 
mathematics. Thin often an inemtive for the pupil to study 
the subject. As far as possible have the pupil give practical 
proofs. For maniple, in teaching the relation between the 
diameter of a pulley, and the distance around it, ask tha 
pupil to drew 4 chalk line on tlic door and mark the rim of 
the pulley with a chcUrmarfc* then roll the pulley along the 
djifc line until the jmlty has made oik complete revolu¬ 
tion aa indicated by the cholic mark on the run, T 6 e dk 
ameter of the pulley h obtained by measuring acrots tin 
policy* Divide the distance around the pulley by fbtt 
rijinwier and show tk relation. 

In all parts of vocational mat! jemntics ttiqdiasfo droid be 
hid on the objective teaching. Models should be eoa- 
vtrucfeod if Deeenaiy H To iQuatrele; in teach mg the Edition 
between the number of teeth and the speeds of gears, a ndb 
yffk wtt ri mcti dtoh^ Begin with 
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two genre, *4 teeth a*d 48 teeth* Hark a clack Hne v* a 
tooth of the small geu, and notice tk number of terih or 
pvt of iwolut™ the targe gear tame, while the tfntll one 
makn tm complete revolution, The pupil will *a that 
the amnU gear mikes more rerahitionfl than % largo <m. 
When anothar gear is placed in the met between them acting 
as in idler, similar reasoning will show tbit the middle gear 
cm» Qn third gear to have the same direction is the Hist 

Thjo Niemam of Inpitooal Iwfmronos in ArraDmo* 
amd Vocational Clawm 

Students in higher vocational dasses am obliged to meet 
certain minimum requirement before they are allowed to 
panne a vocational course. Aa a result 3t is poteibfe to 
wwk with a dus as a whole in teaching related trade teeth 
meal knowledge. 

A study of the record cards of the apprentices in the differ* 
«nt trades will show that the apprentices vary greatly m 
their previous education^ training; some hare been m the 
country a few years mid hare a very scant knowledge oT the 
English language; that Is. they speak and write English im¬ 
perfectly. Mo&t of the apprentices come from the sixth and 
seventh grade, same from the eighth grade, and a few frem 
the high school. It is dear that with such a wide range of 
grading it is Impossible to do much doss teaching. Any 
attempt to grade apprentices into dtases according to their 
educational attainment* would interfere with the shop or¬ 
ganisation and develop administrative difficulties. There¬ 
fore the most effective method of teaching is by groups and 
bdividiulai Graded lesson ritocta must be prepared each 
day and given to the apprentices oi'conling to their aWBty. 
The apprentice* From the upper grades and the high tebfloT h 
- wiH not require w much imfividual instruction u tbeapjwc*,. 
tioa frqm the lower grade*. 



mem&mt MftffiHATics m 

Ons Mmrt effective methods of outying on bdi- 
tMurT WQfk ia to have in mniope for each pupiL Alfhat 
w to foUus a kfiou sheet he ianM band it to tto fcewte 
forocmettaL Tie bsbwtot gws over theehect m detail 
with tbs pupil, explaining the incorrect probkmj. Oms 
tioos map be written on the papers and then filed away if 
Htafaetoiy to the teacher. In tfaia way the pupil* retain 
their own corrected papers, and can refer to them at a of 
tune- Maria may be recorded on the back of the envelope 
that it used to hold the corrected papers os shown below. 



The moit effective system of teaching shop rasihemflu* 
toapprentiom a the individual plan; that is, having a atfie* 
ofabeeU etch ow containing r type <dptobleni used in that 
trade, Tto fint problem should be aolved on tbe piper in 




Wy *opfc tatfuge MfcwJ fcy femr or ftte <WptoJ>- 
knit, In tJai my it ii posable to giro each aftstatfoi 
ffattoil kvoain 


fiagb qf a pm4d farm in load iwunw/c^jtttttrj 
A fat in bond mtuurti ar & 44 bavzd fat," mum ■ piece of 
tanbs haring (a iret of 1 K|oatc foot an its flat surface end a 
thfck*e»0 of 1 ibck or let*. The word “ foot 44 gowrally uied 
iBtUad of 44 board foot,” as it is shorter, For ewnplft: 41 Four feet 
of lumber "awanafoarboan} feet of lumber. Fig. 1 allows a board 
oootftjnini for board fat. 
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TbfltuJefo Cnding the number of board feet in a piece nt lumber 
b u fofoi: EuKipty Hw number of sqoero fat In 1 ta flat Rttfut 
lj thn number of inches in foiclflWBS, aumfoj anjtidcfcnmlMi 
Am t Inch u ul Ind^ 

Boppoie we wwh to tod the number of board fed in a piece of 
limbs 1 inch thki. 8 inches Fide, and 10 feet long, then wt will 

kw 


8 X 10 XI 
18 


Id feci Au. 


Lotahs, Tbctenn 44 lumber” h generally applied topfaatmt 
ttoretbu 4 inches thick. 

lfcobctr. The ton 41 timber ” is applied to piece! an than 
4 huta thick. 

Bond and Flehk, Any piece el lumber under If beta t hml it 
utudly oiled a "board "land a piece from If fain* to 4 fab« 
.thick b oiled a “ plank," 

. Snttfi Stock. The term 44 mirf* "todt ” skuu Inmbef Jw&ii 
tbtfmauBaai a IjtUe largo than is actually retpbnd* to *Uw fa 
ribnng, taiiig lift etc. ' * 

Tnuti 1h tern " dmnl" hit mch fe in bmIoi Wt 




m 


. ftjlf jW fT H* ‘‘ttrfacaT ii U*u*fly ippW tq bc*?-ii or 

plu^ th&t ty* jrf|Dd ctiwc or tgth «kkg. 

,Jdfr± llKtam H jaOTttd p ’hunfcKiific^ 

■ftjedgoi. ItHilnuiedtodettip^p^lliitiicw&tia^ibt 
«a tbtedga, 

AUomacB for dnadi^ If lumber u dnaod it km id tot the 
ibKo*tt*k*nofliniWngs. ITttiaUy for jjtoek 1} bchei ormon 
fcthkii^ibeb^is^b^t ^hicLoaie*chii^^pia^ Eetot 
* pin B inchrt vids and 2 inrhrt thick when rough, beeanei T1 
indm wide and 11 inches thick when dressed, if ptond op all four 


Ik ertunalipfl board feet d) lumitcr (me Inch In tticknoflorlMi 
ehould be conkdered 1 inch thick. Rongh lumber or timber is atb 
rated ID i and 1 inch thickness 0 *er thee™ inch. Eumpla: 
ir ■* ir* <f « *1" *t a" ud si" * i". Infenudhte 

thidneowa would he estimated at the next krg^f thktaum For 
enuflpfe; tt" would be estimated at l*", i{” at ]*"■ w»d H**t 
ll",*ndirat<. The above nta alw apply to all dreud hunber. 

Kg. 4 rfum the end of a piicce uf timber n hieh is Q| inches thick, 
8 kebtt wide, and IS feet long. Bow many board 1st does it odn* 
tain? AppJyioi tba ndc we will have: 


8 X 18 X flfr 
1 * 


TBfnt, Ant. 


Btmdtid Ittgfr of Mm in moat sections are 10,12, U, Iff, 
IB fret, etc* II cot to 6 special length it always anti men. 

folhmhig simple table is very wcM tot calenkting baud 
MtsiUv (fact long), for lumber 1 inch or lees in thickness: 


Recta 8" wide contain \ u many feet u they ire feet long. 


- *t fp [| « ji‘ '■ “ * rt * ■* * 

m ■ |i | ■! H « « « M * 41 

* W* rt “ Bsnuy feet ai they on lectio* 


Eio*ytefor Dr# - .. 

.i Bow many hoard fed in a pim of lumber 4 Inch, thick, 8 
feta wide and IS hot long? 

flow omfiy (e*t in a pieced timber 6| inches thick by 101 



'I* 7 \ 

fh PbJ the umbtf d bomil fast in the hftnrkf S plow, 

rxs M xwft. 8"x ^xwh, 

I"x*"Xwjl *"x g^xia 

, lrx^xieft rxirxfoft. 

lrxf'xiift. f'xw^aoit 

*. Baw^y botrHfeftm&pircaoltiinbtreachfl^X^ X 1ft 
feet? 

1. Six bwlf faro the Inflowing dbscnriom t 

i' , xs"xm rX7J"XT8ft 

trxa r, xieft rxarxutn. 

r r x bt x la n tr x s* x u ft 

How many board feet an there in the lot? (Add Lhe widths 
together first then apply the rule.) 

ft, How many board feet in a plank li inches thick, Ilf wide, 
and 14) inches tong (newest toot)? 

7* How many board feet of stock are required to build a ptou 
tom 8 feet dwdifl square if the stork is 1) kcbes thick and 
we allow 9 board tort fur waste due to squaring up the ads 
of the boards? 

Hie width of romiDGn rough timber or lumber ram k } inch 
■ken; as, 6 j r T. 7), ft, ft, etc, For width* running k factions 
k*4 than f inch use the next highest } inch bie& For example, ■ 
board 0} inchri wide would be called 6| inches and gdc 0| kchea 
wide would be called 7 inches wide, 

1. A piece of rough stock {" rough stock “ nunns lumber haring 
hi dimensions a little larger than is actually required to allow 
far planing, truekg up, tic.) is} inch thick, | inch wide, and 
18 feet bog. Ebw many board feet does it ocitiifi? 

1 How many board tort in a piece of rough stock IS feet long, 
ft inches wide, and 11 inriw* thick? 

& A piece of lumber is 10 inches wide at one end and IS inches 
at the other and is 11 inchra thick and IS) feet long. Bor 
many bond feet does it contain? 

Lawn Shti on Mathmatinfor Homs Garfmkr 

■ Fig, 1 ebots a piece of matched flooring. When eatkutipg 
looting, «Qkfr Anlhiug, or other lumber that iq nutted (th# . 
«4 haring a tongue and pwnu joint a shown In the figuri) «wiifb 



Vtusmta «nm> mathmwwm ' m 

ttorfc iMrt be added bo mala nptor the imumt cut utaj from tic 
wHll inmfching. This amount wiet from i inch to | i&ch od 
each board Kraritog to Aadto A lilllc flooring ii always wasted 
fa squaring the ends, 
cutting up, etc,, and 
to offset tbh t tew 
feet are usually added 
to the total estimato 
For flooring, alinth* 
ing, el&, born about 
t\ inctato iff inches 
in width, the amount 
aHtared or added for 
matching is generally Kg. \ 

ooa fourth. For at 

ample, if a common floor to be kill with matched board] ill! feet 
square, tie amount of flooring required is 144 (erf plus i <3 144 m 
SO feet making in ah 180 feet If the floor to belaid is of pita* 
H inches wide, the amount uuulfr allowed for matching is duo 
third or in the tbtro caw we would add 1 of 144, or 48 feet 
1- Estimate how much I-tocfa matched flooring $ nek* wide 
will be required to lay a floor Ifl feet by 18 feet, Alb* erne 
fourth mure tor matching and add 3 per rent for squaring the 
ends. Gel answer to murralfoat* 

& Bow much lard-pine matched flooring f inch thick and 
11 metes wide will be required tor a floor 13 fret 4 iuhn by 
11 feet 10 inches. Mow formatting and add! pc* seat fm 
wutcL Gd siLiwtr to nearest foot 
A An office floor ii Id tret 6 mehet wide at one end, * fret fl 
\ toebe* wide at the other, and 11 fret 7 ipclira tong. Kith 
laid wrtji lard-maple matched flooring 1 inch thick and H 
inches wide, what will the lumber cast at 800,00 per Iff 
Add 4 square feet tor wisto 1 . 

SptwtoR Lam Shots: Gtarvtg 
Go to the ahop ud atleet two 48-tooth gears. Clamp them to 
the gear rack ao that they will work together as shown in Fig, L 
i4h a chalk mark on the tooth of each gear which Jiut dm** 
ibpvt the top of the tack. IWthcgArjtunc tomtaadift&im 
the Att at the hands of a clod until the chalk mark row bpefc 
^theftozttogptont. 



’ li.*JKfr WttQ Ml 00 fW ft pMMd tk t*s «J fW rtcfc/ftfr ', 
ftm d tuned moef 4v> 

.1 flaw muy tan* or parte of tuna did ptu B tut* trim far 
j 4 tuned umod dm! 4^ 

' $, Wien ran turned gw A in tlw direttkm at the «| i 
docfc did (At B turn in the tuu or opposite diitrfiduJ Antr 
Wien * Qtor tunu in the buk dberticm m tie htndi d n dock 
it ii to tun right-handed. lYhm * pear tuna hi the oppu- 
tatedbectkia to the bond* of a dock it ii iaid to turn Saft-lmicIwL 

CHAUt MARK 

~ ~ "To 

Ot AR J 

rack^T-J 

Fig. 1 



When two gem tuq together the one tint is nwnt the Bum ol 
power untied the drive* ind the cOrr gear balled thcfcOmr. 
In use tain* oI gears asd in lathee we have xvenl driren ml 
•trail foUmrai. 


Imk b iSTiUrf Jt Eh# MtiUinatict: Gtoftv 1 
Flsce & R6> ud 48-tOeth gw in Ihr rack bo tbit they WM tun 
together uab»n in Fig. 1. Mate&cbo!lt mirk po the M-iortb 



attic* 
tear. Tina 




Hoe of the nek and a linulir mirk cm tba 484ttth 
* 48-tootL gw one turn right-handed. ^ 


rtdodjmhkaa m Fmtad Ifrimrifo bf ff- jjt c 


L H* W ted the top of th* nw* »tfu fl6-tooth 


** Am. 

' BL b whfct dtnctiai did tin (NUoath gear tun? Ant. 

'■ 4. Wrtl b ftr ratio of the gearing in this <**? iu 

4. Whit woeild he the ratio of the gearing if we took out the 
404ooth gear od put m 1 US-tooth gem? Am. 

tf. D wn tmn tbe 90-tooth gear 4 time** how many torm wJI the 
W-tooth gear nulceP Am. 

7, Bo* many tamfl wwl4 tbe 08-tooth par Mike if we gift 
the K-tooth gear Tj turn? Am* 

hum Shaft on Drift Pto&nu on Gtmuf 
L A 106*tootlj gear tlriwi A ik tooth guar. Wl*l i» the ratio 
of the paring? dm, 

I, Whit would be the ratio of the gearing if the #&toolH gar 
wu 1he dftar? Am- 

& If the iKMooth gnr is making 48 r.p.io., how many qui. p 
the 16fl-tnoth gear making? {See ffrie below.) JtL 
4. Bun? would we thug? tbe gearing to Mike tbe SS-tootk gar 
turn in the same dircetion u tbe 108-tooth gnr? Am, 

Ji. Two gear* mmiing together have a $p<H ratio of 7 to). If 
the imaJIr tunu H tiiou h bow many lima will the largar 
turn? Am, 

0. In Ihc last problem how do you bow that the answer U 
14+7 instead of 14 X 7? Am, 

n 7. A 144-tootl gear makes on? complete turn. Bow wcBJ 
tmu will a Smooth gear ninke working with it? Am. 

0. If in tbe last problem the Sit-tooth par turned (let. ho* 
many tunu will the 144-toath gw nukt? Amu 

Mok: tbe ktUn ^r-p ln, ta mm “rraJulioK pa culprit 1 ' Ityu |b- 
kffttfaa wfl bi wtA hmha In tk tstmt, 

Lomu Shod hi Shop l/aTfonutift 
Bdppofe Wft h*ve two shaft* A and B, u shown in Fig. ] t and 
that We WUt to connect tbcas shafts hy g«re bo that the ihaft A 
wjfoatfc oo* nyTchrti» while tbe shaft ft makes two. Id order to - 
■ jdotnbwt mat pUee a gen on ahift A hiThig two tun the nv< 
l**f tooth ■■ tbe ihaft fi. If we put a gear on Ahaffag 
v it 




iri 


mrnmi ipucasiw 

Wteetk tlu#$r on S will tl#* b»ve 4S terth, or Ju«t Wf 
la many, ud each time the gear on A turn* iraod ran the 
gew on Swill tun twice; 
that ji, the M t«*h on 
g»r A w54 have to tan 
l»r B twfcc io orfer to 
mnh with M teeth on S. 

He niatnn emtio of 
the nwcd of £ to the 
jqwjdof dia et«l. This 
li filled the ratio of the 
j«irJn£, Wo can now 
^ritdheritka between the 
^pendA and the number ri teeth in thr form ul a proportion, Unu: 
K:4S; ;3 :1 

or in words, the number of teeth on gnr A w to the number of 
teeth ra gear Sas the sped! of E u topped of A. 

1, A ffr-tooth gar drivw a ltt)~toatli gw. Wbat is the ntio 
of their speeds? Ant. 

& Two shaft/ irr rannwtd by ^'im, one tumi $b Uoih a 
piuuleini! thcothsTmaJirt 11 tiinyaminiLt^H If the smaller 
gearbu 82 teetli how many t^h bu the larger gear? i*t 
r 

lawn SAnt mi diyirfar JleutrHnfltti 
Oneof thr most diffinik sab]<H.i to hath a prvtidl BKetanio 
■ the relation ot tlw dmrd and the atigh 1 . This mibjAt may be 
presented in a vvry pwlu al way os follows 
1. Lay off the fnllci* big ingle with i twofunt nde hy fuunriiiff 
the chord: 


Skrttl 

An* in 
feftf** 

rtHrJH 

ifflllrt 

A^ti 

d^m 



* 

m 

M 


A Li 

10 


H 

Wfct 


ia 


« 

« 


tt 

Wu 




I » 


TO 



» 

S»e 

T5 1 

T«e 


ia 1 

S' 1 !^ 

® 

7**i 


w 1 


M 

m , 


W 1 


» 

ffi 
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h (» layoff the foIkmigMgta Parted jgiin: 


to* 

1 

liph 

dv*> 

QUuwh 

| 


i 

r-*i> 

J 

iMa 

spur 

s 

1 

1 X / 

to 

Hfa 



* 

i__ 

Jfl 

S:i» 

Si 


T\ 


ir» H 

4 

« 

iOtfa 










/ 

/ 

n»n 


tf 

12 



/ 

ffl 


PAFiirfi) 

. , 

4 


r 

2*!4 

*Wui 

At 

14Kb 





tPflis 

stf r 

10 




hf js r 

a 

fa Pitrlll 





04 MfcV 


as 

n!i 


iJj «T-*r=t]L4iEH> | 

flU 

it^p 

iw 

ao*Ki 


£uwn SAfrf dm (W 

In CQuraectum with mathemat im, it i* passable totneh thmuaih 
ing of a gnat may indvitml brms h cticIj is'May rmte, h ** pf^ 
ammnifr" “nmed ib*^" w <nnerlLiue lit*.* elc. Tbrtc tomi 
may be inniied by web question* as; 

What is luut by hourly or iiay rate? 

Whit h meant by dtitmj rate? 

When are you piul orcerltoHrf 

Da ym get premium whffi Trorkinn overtime? 

Hoi Joes coming in hte in ibr iiurninx affect your mrlimef 

Doa the company pay overting tor work done i luring the noon 

lour? 

Dot* overtime inertia? the rat o! i jub? 

Of irbit advantage is overtime to the company? 

Wbrt a piece work? 

Whit h want by paid oa account? 

Whgt do you meu by time end iior hal/f 

Whit fa t tune tip? 

Whttinfmtiiitiofl ibndlda workman put on his time jlip, before 
tuning tip hi to the time clerk? 

Wlttt fa ioat with the time dip after the workman tmai it ii? 







































/■ MAfimm shof mm&tmca m 

flbat it fan with Uptime dip after the pay ngitl it made up? 
ti the tine dip «m dotpoyd? 

b then bum h pqrtlmg dug time gd tlu tine dip thao the 
aetul horn* worked on the jot? 

What efleot will thli hive on the cost of the Job? 

Wut ire tBn tiuagB tL»t enter bto the cost of a job? 

A coat dieot ahnuld be given to the pupil* and practice given ip 
wratiqg out cost* The overhead chug? miy be foundered n I 
certain per cent of tbe labor, a JO per cent foe shect-meti! tAcka 

Buluiu Tpads KNcnrmwa or a Scam 

Give wh student or apprentice a wale, and ast bid to ennmt 
it very carefully. Thru lead the pupil by asking tbe followipg 
npfplc op&fitep questions: 

Whit markings do you find OH the Hale? 

Into bow many ports is tbe inch divided on your (rale? 

Wilt is the sandiest divjarm of sn inch that yon luvt Ktn « 
any soak? 

Eon many of these divisums dees it tain: to nuke an inch? 
How many quarter inches in one inch? 

Write i quarter of an inrh fractionally. 

Write a quarter ui an inch, using deumak 
Bow many quarters in Uo lucks? 4 
Draw tour lines with the scab 
Divide tbe first line iulo kebes, 

Divide the second line into ax hoH inches. 

Divide the third line into one fourth inches. 

Divide the fourth lino into doc eighth iuriifl. 

Write in decimals \\ i''. 1". A"* V\ A r \ A'*, A". 


1, If the study of mathematics mdudiully fuaduHcuil to all trades! 
ft Eqhhi why the avenge Indus iatbeoilege section umaUmtiq 
fa ahtl hi hold hrtmtl better than the same tnrhs lad bduftati 


ft fi^fabwhyagnwpof DuthnuitisRKDiiniHlo know hot to change 
ifltaooen btotia to adeems! fkartum- 
A Why vBliaiHMitia ™dMk»fcwbo is uxioiu tubitioid to b» 
eckHlfatAHiii acquire shop nuthenitin filter than a idled Nto 
dn wia fa wofaM wUh hh peMit Hthtg? 



I 1 bay Hkn i bide stud fra tbe gruofiv riod BabaaWt 

| 4inl ^1 » n^j»«i| hioJgm Qdf mU ffa 

aadvtikfl to kb 

t A pamfltf fetal tefed» ifad eray pirf who tabd h * dnpb 
magpieiofrtcboAflto A) tenadditicuaJonet, Yfadd Abbot pod 
pnetotatabdurifatctolr Whyl 
7. Gin fin pnctnl mtihcritieal pnbfcu b fa &Wng tndv! 
Afcdbbfat rtwb fatrinl bafa, patten 

makjftft and sheet irctol iofk. 

a A Menoktr defsmiiH the buSde rifmtnJeHwe of a both* by 
aultipijiiu ifae mule diameter by 3 ud afonriiig out addiluojiJ bub 
fa tray seven tacta in fa diMuebr Vfy fa this mtiud one 
sfciple fai mdtipJy]E£ the dimeter by Sjf 
a Ai iubndrt io ■hop mathematica aikol ul sppmrfire to trwhJpiy 
Piljy Hiby S Tbe impil In fa pattern mailer shop took ray Jrttf* 
btant is tboa problem Could Ik interest be aroused by mkng 
faprcblm CMLTtttf 

M, Whtu would you h»b the Juie ndc to ap efediiql npjawtice? 

11. He* would you learh tryjaiimtiri^ tot pimp of mediuia hi u 

rvakif cbsP 

R IT you wbm facWcfl & swap of Tnolof^Eidcd ton, 14 to 18 yim vt 
age, bow would yau make your FthtmrtJiffl coctnieP 
,UL GH^tbeplinrlp^rfni^HTuLc5ki,p|raimt^iufbwtoflfrrt 
gem on a Kfnr mltry likbr. 

14. fthit principle cd nwlbetuirtin is hvebred in teaching bow to djtab 
h oftei* far tel* tifrnir^ 

15. Ho*wocblyaua(4unUKpriu , jpleefiihriiikni)eliiB(tQftitror]|iit 

]fi Gbn the mdlioe of a ltwon b bariiing tbe principle bvulnd b 
bcatiig six equidistant bo^oiiflciMc, tn&flroip tJpupflaiasn*- 
ebbe ibop crane in a day bdinbial school. 

17. Gin the outline of i knou for teaching tbe (rioripte of cutting 
rafter angle* by use id • square to a group of hum wpdten in u 
{rreniig school? 

U. Gin tbe (nitWof a bw fat fading the nfide rule to a group of 
dnAmm b an ennui day. 

II. Bo* wmdd you explain the oh of tepfithni to a ckleof adnaoed 
jmpfla fa & nacbbbl'e tonne in a day industrial aefaaolF 

10. Gin ■ ieaoa plu ikwing bo* to pewut tbe bk t£ i famuli to a 
poop of ywqg dcrtrical apprentice. 

It ftp)* fatntJl day industrial school ire efted otiifed to bop atb» 
^ «ud* nbohte the nut ol suterul nut ttke, pjwj fa pdn fat 
ihoiU be charged for output, ^lat piiad^ea of (agfamilai wy 
p t* fagbt in thil Way? 
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liST OF BePEHiNCE MATERIAL POE fli'HJRfl BEADING 

* fh T*eMnftfElmrfavM<di*sMhiii D.&SaitL 1 

(Mefcixkofbeu&ofekraentuyBttiHmitka. OuofttalHlt 

-baeU) 

** A 8b*i <>f Ikt Ei&ry H H. Bdl r 

(A concur ■muni erf tbftdcwtopctnL ot 
*“Pr«ti(*] MatbenuLiH." W 11. Dooley. Jfatiunufur fwbr. 
Ji*m 

(A dtannofiof (omeof the hrA methods md iatafedmifl.) 
M it <« (Jrapfo, tieerp A Gib**. 

(frneofti the intyrct in t d&uctftd harm uwle OMjb in tta 
ftdlj itips for tbc begujatr.) 



CHAPTER XV 

METHODS OP TEACHING EMOUSrf 

firm one has two duties to perform outside of his wgit 
— the duties he owes to society: otic is to act is bead of a 
family, and the oilier is to perform Die duties of dUeaisIiip. 
As head of a family be should have a training that will give 
him Die intelligence to be a good provider and to know how 
to enjoy the companionship of his family nod his friends, and 
abo to secure honest enjoyment out of life. 

Every person in this country baa mote or tea to do with 
the government Hus is the only country in the world that 
by given to eves? male citizen of ordinal? mLdligence Die 
right to vote and to decide bow our government shill be 
conducted. Therefore it is important that general IntdUi- 
geuce of the working classes should remain fairly high. In 
order to have this general intelligence^ it is necessary to 
continue general education iu llngtish, oivic$i and social 
idenoas until the pupil readies the threshold of manhood. 
Hus will conserve what he already knows ind will increase 
his general hnewledge. 

T^nglruK the most important academic subject in the 
count of study in the day industrial school Every one 
must be able to speak and write about the things be is doing, 
and tn be ibk to make his desires and appreciations Imown* 
The teacher should begin by showing the value of EngKA. 
Tbenweyory Englirfi inekiks ordmaiy letter-writing, pw- 
mmhJp, epdling of common words, and oral EngGih about 
hrii work and every-day life. The desirable English—how 
tpwrito—indiidea reports of Work done m the ochoclpbapa, 
woditke of worirt* tad work, fre human phase of nfim 



TBMsmmsum 
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oaaapM^m enkiged vocational vocabulary, that <ne may 
rend tedttfa] and trade literature. Cultura] Engfuh de* 
nfgpe a km of reading an (ppredatian of good book\ i* 
porting, descriptions, etc. Ihe btdkctueil and entotiaiai 
aide of the Rodent is brought out; ska any literaiy ahilj^ 
An effective course m English in an Induitn*] kW 
should tend to develop the following; 

1, Ability to eiprofl easily and frrcty mil and written English, 
1 A know lodge of the structure and form of tk language. 

& A rail done to retd. 

4 . An appreciation of nuod literature* 
ft A knowledge of the bist authors. 

In teaching EngM, begin with irptttft of the shop-work, 
followed by mnvspundenoCj ordering sujiplics, and then 
ipeohcatioDB of the projects lUt tLe pupils up working an. 
Then aba* the need of being sfelt to write about the condi¬ 
tion cl the workers, followed by a atiuly of pood books. 

In order to develop a special fandaeui for books, we must 
show the pupH an incentive, ttat the world depends on 
books for knowledge end happing, Assign to the pupils 
leadings in books to bring out the good points, after yon 
have reed selections to them. 

lesflCFi Shrrf on #pe#mg 
Lien or Muxcrc-Sflop Worn* 

Jlfiifitnft 

Tain ideating machne 
Screw jacks 
Hydraulic jacks 
Jib cranes 
Blanking din 
Erecting pbtes and blocks 
Jigs 

Pneumatic hcbti 
Electric pindai 


Todpkda* 
TMinicnPcs 
Tortkii plant 

.Standard ping aid ring gauges 
Dili and tap* maebia* 
B ^jf aiy ptata 
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PkennMtir drifts 

Pneumatic corner drffh 
Die-aioktf mill 
Saw blade* grinder 
Mfllbg plants 

UuterbI aillnrtg machine * 
Miffing machine 
Util Tninirt p ^ om^pK 
Verticil mining machine 
Burner and njttcr grinder 
Turbine blarie cutting machine 
Swtablc 
Gfaulvesw 
BadiiJ drill press 
Drill pn» 

Beaaitivo driU ptcu 
Multiple drill pra 
Driving and boring machine 
Toil} drill grinder 
Power punch press 
Flioet 

Cunt hotter 

Elortric hand drilb “ 

Ttrehes 

Vertical boring mill 
HcHfontal boring null 
Engine lathe 
FcaUthe 
Gap laths 

tMvumil grader (lathe type) 
Speed latl>o 
Universal tool grinder 


Turfrttitbe 

Tripltbatdd bolt machine 
Doubta4>ttded boh marine 
Bolt cutting muhine 
?oi iu«iftcr lathe? 

Automatic screw machine 
SemHmtoaaUc screw undine 
Monitor lutbc 
Cutting-off machine 
Sitcw jlwttcr 
Tube cutter 
Pipe llraadjitg machine 
Shapes 

Dcinblc-lwaclid shaper 
Draw shaper 
Universal bey setter 
Surface grioikr 
Spur gear cutter 
Gear m\ worm wheel cotter 
Bevel-gear cutter 
Open-side planner 
Turret mek catting 
Band saw 

Gorton tlisc grinders 
Buffing niucbine 
Pbwei hack saw 

Magnetic mrtid separator 
BdUicmg machine 
Hydraulic pn^d 
JkH-srripitig machine 
Arbor proa 


BnadtaHs 


Material* 


Fren hammer 


Gg 1 j|fS 


Emery delete. ' 
Tod steel 
Soft steel 
Wrought rrc® 

High spied ited 
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SmiTooti 

Mutmati 

Sales 

Cutdron 

Fie* 

firoune 

Soaps 

Babbitt metal 

Lad hums 

Lubricating oils 

Dtifti bod reunen 

Belli eg (lather} 

Surface gauge 

Surface plate 

Center punch 

Scribe 

Waite (cotton} 


Tb t dewtbk English should include practice in Hie me of 
four or five types of letters: letters to a prosit or other rela¬ 
tive, loiter applying for a poation, an order or raprintioio 
lor supplies, letter to a superior official letter to a public 
official, fetter to a newspaper official, rorropendraoe be* 
tween two departments of tie same corporation, etc. The 
pupal should also make a study of tb# use of short stories, 
tod the technical literature of his trvfe 

Teachers should have the pupils acquire the "library 
habit" Aneffort^cmldbemdel^theiiistnicterto&id 
the list of tedmkal books on each trade. A list may with 
profit be placed on a bulletin. Inter an interest in general 
reading may be acquired hy the pupil. 

A boy h least fitted to choose the books which ate desir¬ 
able for him to read, His inters at various ages decidedly 
influence bis reading. A boy’s library should supplement 
hn early life, As the boy prows, ha interests change from 
those of boyhood to those of manhood. That is the reason 
why travel adventure, invention, biography, love-stories, 
and outdoor boob appeal to the interests and needs of boys 
at various ages, Tliey should read carefully and slowly so 
as to absorb what they read, Sloiy-tellin&withaag^stkma 
Whare more <» be read* is helpful. Not all cia ga ai Ma are 
Interesting to bqyv, They are interested in m s gaa ncs of 
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outdoor fife, invmtkw, tamficjaft, etc. Prtctk*] talfcup- 
Jatl to working boys. llietiJk^caUbenifofttalpJOvid- 
mg definite infomsatian, new imsutiwa for eflbrt, u4 ^ 
nto ch*racter4)mklmg. A talk ihould suggest a subject <m 
which tbe pupil will do further wading. Muqraf the pupils 
hi vocational and apprentice classes ore fareigiiHs or of for¬ 
eign descent, end the work must be adapted to their needs. 

Rotes for and wmposittoo. Insist upon comet eipre* 
rion at ell times, The pupal should give complete eentaiM 
four or five times in reciting, Frequent cud composition on 
the work being done should be given by the pupil to the 
dan. He should stand m front of the d&ss* in i free and 
Mtgr positron, and state ttIir! be Is doing. 

Cartful enunciation of syllables, particularly the final 
pliable, should i* rcqmml 

Do not allow the pupil to use long sentences, Cultivate 
a habit of using short, concise sentences 
Do not parent the use of slang, Teach the pupils to be 
accurate in‘their statements, and hy to cultivate the use of 
dkcriminiting words used in tlur trades, 

Alfaros possible have all written work preceded by and 
drill Tb illustrate: if a pupil is asked to write a letter to hii 
brother telling of his work, beriwuM tell the daw what he is 
going to write. 

The following rules should be required to develop proper 
writing habits; 

1. Write on only dw aide of the sheet of piper, 

1 Have i balanced margin it the top and bottom, and at lb* 
pda of piper, on which compositions arc written, 

A AB Kntana should begin with a capital letter. 

A Smtsuei ihaald end with i period, 

& gotesod hrvolviug a question should owl with in mtaiqp^ 

- tionp(&t{?) 

A A Kboil apace should intervene between coaiectitin Hum . 
t*AeKiia«LjtirewpBk 
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' tiachdw English 

■ i ffceMe (doranas fcacrief iboold b« used. 

At Ml ol hnfl compound Kid compki ntakei iboold b« 
itifnwnuptr 

fc Slang nodd not be uwd, Shop « technical expendoni 
ibodd be in quotation mark* P P* and the meuriog ld 

Tbe folio mng detached outline will illustrate the above 
principles: 

Ttara-YkiB Coothe vst Ehouib fob Sduiutebb' Amaxsenc* 
Fird Ytar 

fim: Oh nottA -* out tour a weeki Practice in spelling and dt- 
fcripticn cl the various took, appliances, materiali, and fitting! 
nud Id tbe toetfoov. 

Fmr xmlfa: Short oral end written composition work hued on 
the wort ol tbe apprentices, such t» drilling ironing. chipping, 
and diking on various parts of the ship (dcetplaliornis, rampa rt* 
mentxdfohiou, etc.), Dcseiiptiouofiruih terms uiecdoa, item, 
port, itaibOird, fanaari, ah, and after ends of the ships: btiflrhftaflBj 
riutl mtecliiie, tanks (oil, end fresh water), dtahuga, etc.; ttmor 
plate, cage marts, and turreta, Thn practice tpUI develop in the 
pupal tbc power to oppress wbat Ik is doiug in simple and direct 
EngEih, 

Jfar iwtfto: Review principles ot punnur relating to the use 
o( nouns and prcuouiujo that lb: apprentice will know wbeq and 
how to um capital letters w»d simple penetration. Compoutkm 
on buIkbcwU, hatches, doors, etc, 

. fhnt ttHtifti: Practice in giving npSanatioDE and direction. 
Dcfc^op the > power to cipras in short, emmifc" nnteuca such m 
dimtiom marked on templates. Describe length, breadth, thk 4 - 
D*> noil, curve (arms, etc, Composition on tnnilu. anraninitta 
bout, bit*, etc. 

Stand Year 

. One ftunfto Simple description (both ami and written) on dri9* 
ins, acnrbifl roaduow, on sean&light pbtbn&tnd cage 

Wit 

fbar motito; Review ot tbc section ol gnimnar nUtingto suk 
kef and predicate to aba* ibc pupil that the predicate agree* with 
ttfiflfijMl Compooitioq G3 uptake btidfts, and coaling touts, 
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Oh nnjl: Letts writing “A AopJttUr dc& Teach few 
typs of Uttm: Jetts to a paroit; letter to a friend; tetter to i 
public official; letter to a luperiw official etc. Bring out Ur four 
tmeatul parti of mry letter- ^ 

Tkm month t iWtice in writing description of Aop'wotb 
with facial emphaiia cm the dmakrt of the cnrapcmham info 
Igraphi. Engine* nod boikr.roani foundations, ammunition itor- 
age ud boat cranes, 

G» norite Dboiwffli and practice in writing according to the 
faOowtag outline: Banning, manufictmt, and Luilatt&tm 

Tlvve wiMb; Compcaitioii w tk tumts and bulkheads, hatch* 
and armored decks. 

Tfcmi y<wr 

8k swiribi Considerable prtdioo during this period should be 
devoted at this time to both oral and written droriptioiks, Effort 
should be made to correct ever}-day mistakes and develop the 
paws to write lengthy description* in simple, direct, and concise 
language* Canpositioiu basal an method of propulsion, steering, 
procedure in building shell of ship, lumehiug, etc. 

Fim nniittj; During this period the apprentice shook! write Te> 
ports and descriptions of what \k is doing. Emphasis should be 
laid on arturicy and details in deKiihuig the building of a ship — 
designing, planning, manufacturing, and (uvroblhg. 

Aunonlh: Written and oral composition on the caraHnccal ud 
efficient methods of production. 

The process of Ajsericenizatkro must follow along the 
fines of interest to the hnmignmt He will learn English if 
beseeaitbto bis advantage. Therefore incentives must be 
offered. Ibe greatest beentive to the recently arrived im* 
migrant Is an advsiwemmt in h® work* incteae in ho tam¬ 
ings. The academic work must center around his daHj 
ooeopatba. 

The English shook! eonaut of a series of graded fearaa on 
the conservation, commando, names of parti of machines, 
tools* etc., that he uaw in hi? work. This I* the neemwy 
EnffKlL As far as possible the work should be carried » 
through the activities of the shop nr mill 1 

1 Bn pop IfrJor coutte of itndy Fv uvObnii** 
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' Foretgneis usually I'm la coimntmitJea by thernafllvea end 
idiom hive occasion to use EnfM. The dub* the coffee¬ 
house*, the tiara, and friends all use tLe math* toagaa in 
canrentum. Any attempt to teach English along general 
educitkmiHmn writ fail at this period. 

IV desirable English h the English necraaiy to become 
a dtlaseQ h TV foreigner should know the value of dtueD' 
ship. This can bo done by developing among the workmen 
aodal and industrial justice. 1 

hicimTrv® Lmoi® nr ImwautEffOtian tor 
NoiT-EHUue&9Fnixiifa Wokeebs 
Clast in CotUftt'&Iiil Ettftitfi 

Etjukniks Picker Machine: Pkiurt w naU of nwftow before 
ike dost 

u : This is a picker 

v called ; Hus cover b rilled a " heater row." 

tuma The beater toms imund rapidly. 

he open : Tbs beater hind so tat that rtcanmjt be seen* 

breaks : It breaks the cotton info muJl porta. 

loosen ; The beater abu Itxwm tjte dirt from the cotton. 

ha lifted : The beater am mast never be lifted tad! the 

tiapa hdtitopa, 

did : The men In tbs picture did thin. 

loot ; He toft hip arm. 

Good Knit* 

dm : Do net dm On beater what the mchlae Is fa 
DUtiCD. 

dean : Clraa the bettrr ooct or tww every day. 

fdcJc out \ Do not pick oot the picker dcopplafi with tin 

muhtn In motion. 

Hiodh : The mu stand* at Ike machine, 

k : The machine la e picker. 

k nuaffag : The picker ia running. 

baa i : The mu's hood boa four fingws asd ate throb 

1 See page TO tor wane of ato^' 






b* itbBWbukblmiriBlliel#. 

riDbsdnwn t Tfcavan’*bwdwillt»drawnk 
b* broken i His fifteen wQl be broken, 
tun : Do you ran a picker? 

: H you do you muit k carefuL 
put 3 Hmr put fntrbtndoa tLikporftll 

lOM t You will toujour Angara. 


■m 

Pietvre or mid tf a Iwn kfm ih$ dm 

1 1 am a weaver. 

bin land 

: I have jmt Lefttucd to weave. 

ran 

: I run ak looms. 

ibaws 

i This picture ahowa a man at a loom. 

is 

; The T, r irp is in its ptore. 

an Slid 

; Tie bobbins arc filled vdUi yam. 

IM i 

3 The mapumc hnli.ii the Mubins. 

fed* 

3 The uuflumc feeds bobbin!) to tbr shuttle*. 

!■ 

3 Everything is ready. 

puli 

3 1 pull the lever with my band. 

weaves 

: Thr luora weaver elolh. 

winds 

: The roll winds the doth u last ia woven. 

breaks 

: \ thread lireaka ami the loom stops. 

is fixed 

: The thread is fixed. 

start 

: I Start the loom again. 


Most of the factory operations require *emi-skffled aid 
unskilled workers; enrh operation requiring only a short 
training, The only education that ran he provided lor mt 
ddOed workers is retmtionnl duration, end thb is din 


provided by the manufacturers, under the bed of "mfrit 
TPO */' 1 * 

Information relating to vocation <d life may be taught* 
under the bud of "emes." There is a wry intimate CfflH 
nctticm between vocational success and good dtumdfc 
Zray sucoesilul citizen should be an efficient paodneeraar 
should motor «mce to the wmmtmity. Incbtod In titfj 
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Mre fouU be puierialralntkgto thnnitooerfe ectiyitlei 
|f tig cttra«phyi the hutnay and opportunities etc*; and 
■B of tbs posfttad in the industries, In this way children 
may be taught their industrial obligations and opportuni¬ 
ties. In feet eray subject intbeconrae of study is suscep¬ 
tible of an industrial or vocational interpretation, Teachers 
have number* of opportunities to speak to the children in 
terfia of industrialism and ntkmhip. Frequent eteur- 
Bumi should be made to industries to obtain firet-hind 
Eutermatiun. History should be centered Hound the 
growth of the industries eta successfully as it baa covered 
literature, politics, and the careers of successful generals. 


The content of information to be imparted to the sppreu- 
Bee or pupil, under the head of related trade knowledge, 
must consist of the underlying principles of English, matte- 
Duties, the sciences, drawing, materials, hand took power 
took bummamon of power, etc. Each different chop pro- 
pot or practice should be analyzed into the hind took 
power tools, materials, processes, etc., the English, mathe¬ 
matics, sdenceo, eta, and the Information desired placed 
under each column. 


The Mtangeanwit of content cf information to be imputed 
$0* pupil in a vocational or apprentice school ihould be dif¬ 
ferent team that of the regular sdiooL The course in the 
ftfdar school waa founded on logical (fcvdopment, and a 
fe t alu type cl pupil accepted this development on faith. 
The pupil in the vocational school with his practical mind 
00 nut accept the arrangement on faith. He most ice the 
nbte'ef knowledge ud must have his interest roared, 
jtecateugeft interest to the desire to team a trade; ttafr 
Kftdte jttlat of attack ter all work, especially the «*■ 
fcaftnrcri, should be around the vocational interest. The 
fcwkdge may be presented b the following order: 
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INDUSTRIAL EDUatlt)?? 


J, He knowWje abwlubdty iucovut- 
& Shoe the of took knowodge h then priatflt tbedcsrcbb 
bwmidtfe, 

ft Hu iccMDplialniHit or culture cl the a object 

QUESTIONS FOH DISCDS5MN * 

]< An betncfof b shop EiifliAi ip on uutmhrut JttkooJ bund Out the 
pupih luted bttrot io the -fatohBtfrajdp ol Boqurib Fhuklb, 
hftmtadhg the first twntypagea Tfa^ deirt to read tak nwg*. 
ibe*. Ii the instructor jiMifiuI in dropping the dutofrutrapip for 
the trade lugaime? Why? 

S. n»¥e the avenge pupils or apprentices in a salary trade school 
much brimt b Rnenl cduoetioD? 'IVhj'f 
ft ltfJij a tt difinih to holcl the attention d a jpmip of ippreatkei la 
4iqp EtagHi for my length of tanef 
1 A papD in in industrial (Mdioualian school objected to the study of 
pinmar from »textbook, Kipl&in nhy, 

I, Wl V <b« » pHetiril man appeal to H«nflS pepfl to i trade 
Khool more tluo the tadmietd or otfldeinie tauho? 
ft Id SHy rotfppntivr h^Wlwol «mnw pupd* iiecbJiifstld jpeod 
tin firtt ywr mi litEh-wbool ssJigcrfo Is tlih a jpad p]sfl? \ihj1 
ft frmttfyeJtiolu show that pupils in toGpenlive industrial eounei fre- 
guently leave after leaipipg the tilde ami beccme ralemfcr for me* 
chdoict] loes. Espials this chuns^ 
ft Bb<^tefhniqiTioiii^beirtftHhlcto apprentice, tridesun, tad 
pnpiLi? Where is a convenient plan* for Ihrae jourrili to be kept? 
ft Eiplnb ixmc of (be ways in which tiie cknuait of ettbeuaitp may b« 
taught to apprentice* in the shop 


LETT OF REFERENCE MATERIAL FUR FUTURE READING 

•'TMuHEngMi" M. D. Lews flirffc»b wt, JW, p. ML. 

{A very iflortivp method cf tcwhlng English,) 

* "Oil ComrpmntlM hr E. M. Dolahn voL 91, p 44ft 

(The UnpcrtiuM of training ptpib in oral eonpodtiin.) 

* “ Ob the Teaching ot Written Crapoarian." L Coops. Efradta. 

ml, 5ft p. 4*1, 

*“11* Dltfettntutifit of High School Corine in Soghib * EiufiatrUK' 
ml, Sl,p,6». . . * 

(Need of dfttnat cqmsm b Engbh to meet eirat needfet 
pnpek) 

* 1W fvgohbV °f Batorg aid ftvrcn Unry E. Bane. 

(A ^r-rT of (he muit dEectin utetbodi.) 



t CHAPTER XVI 

manual training vEnsrs indusieial education 

Mafual (raining owes its existence primarily to the Ced¬ 
ing among manufacturers and educators, after the Ccnten* 
nid Exhibition in Philadelphia, Pennsylvania, hi I&Tti (hat 
the various exhibits cl industrial and trade products showed 
that the workmen of some European countries were superior 
to the American workmen. It was said that tin superiority 
wu due to the system of technical and industrial education 
in vogue in those countries. As a result of this opinion, 
school systems were asked to adopt a form of technical and 
industrial education that would moot this industrial defi¬ 
ciency among the American workmen, 

The school authorities adopted a form cl education ciDed 
''manual training;' based upon the school maker's theory of 
industrial education; that is, to train Uie rye and hand so 
as to develop manual dexterity. Hie operation of wood' 
woriring was analysed, and from tills analysis n series of ex* 
ercuu in planine, marking, sawing chiseling, etc,, on wood, 
was developed. To illustrates the child w at taught to make 
a half-doeen different kinds of saw eats on wood, and then 
to throw the cutn of wood away. In the some way joints of 
various kinds wen made purely for practice. A similar 
course was constructed in metal-working. As time went on 
the public began to criticize thin method of teaching—as 
not bring “practical” Then method No, 4 was adopted 
to meet tins objection; it consitfcd of exercises that made 
useful articles. These two methods rested on the belief that 
the mind mi composed of faculties and that training (eottr- 
dWmj) the hand and eye was general and that It'would 
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apply to «J] trades and industries. A txy who conlAire 
' hk hudi to advutage in wood'Wortm* wiald be tquilljr 
successful in other trades, such as tailoring. 

After a timber of yean this theory w»* proven to be 
Uir It was shown that band training » not general, bi^ 
h valuable <m|y for the specific occupation in which the 
training ia related. Methyl No, 9 (industrial method) was % 
next introduced into the schools, and consulted in making 
simplified and primitive forma [objects) that wndd repre¬ 
sent typical industries and trades, such aa weaving raffia, 
to represent the textile industries, cobbling, the shoe indus¬ 
try, 

Method No. 4 [{esthetic method) w .19 introduced to co6 
relate the drawing and the mums! work based upon the 
theory that the child is interested in constructing both 
beautiful ud useful objects. Here was a method by which 
the child could express his ideas in beautiful ud awful 
forma. 

The correlation idm in method No. 4 was improved upon 
m method No, £ (social method), when all forms of minus! 
pork were made the center of instruction for other inbjaeti. 
The sixth and present method of manual turning is called 
* industrial arts," and consists in illustrating the actual 
industries of to-day. 

The history of irnuiu a l training represents a my utter- 
eating devriopment in metnoda of teaching. The first 
method held the interest of the child because be wanted to 
do Something with hia hands. Method No, t held hit 
interest better because he is still intoested in milting some- 
thing prettied, Method No. S held hii Interest htrenpa . 
bit hand-work was more varied than before Metipd 
No. 4 wis a better method because it correlated the theory 
-ol drawing with the boy’s greatest interest ha&M^fc 



lhfbod No-ffwiui faptomdiert because it boraed the 
degree of candotlan, Method No, 6 is i still grater im- 
jftmmni because the child is homing, by doing, about the 
bduitries of today that he will eater tomorrow, 

Industrie arts should be introduced into every grade of 
the school system, Mare the age of twelve or up to the 
thrth grade the work should consist of a variety of hand¬ 
work, to give the child a variety nf experiences in doing and, 
learning many things, end not strive for i high degree of 
skill in any one form of the activities. Hie early life of the 
child consists of motor rather than reflective activities. 
The objects and materials used by the children up to this 
period should be large, as the physical development of the 
cMhl will not allow him to work tvith small materials or fine 
instruments. 

After the age of twelve opportunities should be provided 
for two dura of pupils: those who desire to continue their 
industrial arts {manual training) education, and those who 
derite to obtain a prevocatnftol education. The present 
method of teaching manual arts or, Mter, industrial aiti, 
may be improved and mode a wry important put of the 
general education of the child, by giving him a training b 
the study ^ the industries of today by making projects nf 
present industrial value, and combining with it a discussion 
of the industry or trade showing the value of mathematic^ 
drawing, science, etc. The work will have canridenble 
educational value, depending much upon the way the sub- - 
ject il presented and the amount cf interest shown by the 
tenchra, For we must remember that mere motor activi- 
ties ray prist in mental development during the drat few 
/ t child's life, and in the early period of the eduea- 

- /tkb At the feeble-minded, no evidence has ever bees offered 
, / jjr (granted shoving that motor activities, pure and simple, 

: any other related thinking process, have any iniU- 



Bhee upon the dcwtopraaut of the mbd. ItiifxMriUbto 
ocguuie a course of study baaed upon tiths practice or 
. observation, or both, of samples of various trades andlndo*' 
tries; lbrae cut be selected, graded* and adapted to pubKc 
r school work, 90 M to stimulate the thinking puns of thfc 
pupO* and in Hub manner promote both his physical and 
mental development. 

It U dear that tliia cannot bo done with the limited amount 
of time assigned to industrial arts at the present time. It 
ii proposed thattwo hour* a week be take* from the regular 
program* making m all five hours a week to be devoted to 
the subject of industries. Tliia con be done without working 
a hardship to the present program, for it will mewl simply a 
readjustment of some of the studies. 

How to arrange such a course of study in industrial arts 
so u to hate the proper development of motor and htd- 
ledual activities 1isa raised some difficult pedagogical 
problems. It baa been shown above that during the early 
■tags of the ekmentaiy-wbod program very little reflec¬ 
tive work should be provided with the hand-work. But as 
ttoa as the child enters the sixth grade he should begin to 
th ink about the hand-work and develop the habit of reading 
about tbs industries. To show that a great deal of time is 
wasted in our dcmeutaiy-school program, as far as returns 
are concerned, consider the time devoted to geography* and 
bow little knowledge of this subject is retained by the ' 
average adult. Utis is due primarily to the fad that geo¬ 
graphical knowledge as often presented is a mere abstrac¬ 
tion that is neither interesting nor dear to the average 
child. 

Acourae fa a study of industiiw presents matt interest 
big manner will arouse the vocational interests of the chfti 
Uke excuretts, observation, or handwork may be the haw 
ti tasthKtion. Tba writer suggests four readers, with 
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attractive titles to rapplj the reWted kutt»triil information: 
1. ffo Fsrwr and £fu FrimL 
t &i&n 4 fte CUtnoi). 

& Habra 4 Affurf Hnp (Manufuctnitra), 

1 frcsc^j <uvi TmAins (CoamKtce). 

Ettdi leader abould contain information about the raw 
materials, the manufacture, trade*, uiftchiora, etc., of an ob- 
ject that ia familiar to the child, and that k isea it school 
or toe. 

The greatest educational value ot industrial arts is ok 
timed when the pupil is taught in the school shops, so that 
he works out his own plan as in&ittndentty and completely 
u potable. The plan in tk shops would be along this line! 
Find, a genera] discLusnon of the purpose of the wort: a 
study of the material to I* used. PupiU should examine 
and compare various sjimplw and models. Second, pupils 
with the aid of the teackr will work out plans, This can 
be done wonomirally l>y the teacher working with the daw 
as a whole. Pupils should k encouraged to look up iH 
Information on the subject. Third, each pnpil should work 
out Ida own plans b writing, with drawings and calculations, 
and submit tkm to Ik teacher lor approval. Fourth, tk 
pupO should k allowed to proceed with the work. 

However important manual training and provocations! 
education are, they must not be confused with industrial 
education—which aims to prepare a pupil definitely for ■ 
trade. It is a fact that industrial arts work or manual 
training was instituted to prepare pupils for the trades and 
industries, but the experience of twenty-five yetra shows us 
that it has failed to do so, What applies to industrial arts, 
applies equally welt to household arts. In this 

statement I know that there are isolated teachers doing 
iptemfid work in cabinet-making, printing, etc,, under tk 
End of manual training, sod have sent hoys directly to the 
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, - taufe and flw« an woe Wtai doing main*] trtUag 
hodertbniautfmdi^alwwk. Nevtrtfcln I (W that 
1 this distinctioct applies to the general ease. 

The purpose of a courts determine? to a large degree the 
method of fetching and the hind of information imparted, 
'An Industrial coarse is to prepare specifically for a definite 
occupation, and it is netfs&aiy to train the pupil in the 
shortest time in skill and knowledge for that trade, The 
tools, equipment, aod conditions in on Industrial school 
shop mast be similar to a commercial drop, the instructor 
* drilled mechanic at that trade, and the class must do com- 
tuerdal work under commercial conditions as nearly u 
pOBoble. The work b an industrial school b largely indi* 
Tufo&l and each member should be allowed to progress at a 
rate which i& b accordance with his development Si net 
mnphaah is on speed and skill, which raeaua concentration 
ml the part of the pupil to his work, it allows very little time 
to study procedure. His science, drawing, and mathematics 
are the science, drawing, and mathematics of his trade, so 
that spftMistiqn is, carried on in all the scfcocl work. 
Emphasis is laid on the ability to do work, and not the talk 
about doing it Claeses are small — not over fifteen pupils 
atone time. 

Industrial arts work or manual training, on the other 
hand, is apart of general education, and aa such is governed 
by the existing general educational methods, Empbasb It 
laid on the complete comprehension of the scientific ride 
ofaacfc subject Larger classes, usually twenty-four, art 
iflfred In Industrial arts work, and the class usually worfet 
wi the same project or ewreue together. . f 

■ - Provocation*] work ia usually provided during tteytnn 
fMutwdve to fourteen, sod as the avenge chfld hai nd^ 
4* plijfticaf development sufficiently to u»e his Shgfef 
fit' ptipoees of pradrion in some trades until benathiflt 



tarirtnyrererf ige,«d in meat CAM rijrtrea, the avtt- 
tgi I«pil cannot <b vocational work ia * preroationd 

- 3tp& tk great majority of pupils must leave school, far 
economic ad other reasons* when the/ reach the age of 
f ourt een year#, it is dear that whatever tndmdga pupil 
receive! for the work lie ia to do he must receive in the 
industrial arts, prevociticnial classes, and short unit indus¬ 
trial conreea. That is the reason why those classes should 
k well developed* so thata course oE study will be presented 
that will include every fundamental mode of utilising the 
mind which the industries employ in the conduct of their 
affairs, This will give to the motor-minded hoy interest 
nod growth — which are necessary to power and self-con¬ 
fidence in doing the day's work. The problems that are 
to be studied should arke hi a vital and natural way so that 
the motor-minded boy will bh the need oE study and memo- 
firing in his school work. 1 


rUYOCATTOHAL CotTME 

The course of study for a provocation*] school must be a 
varied one if it is to help boys and girls to find themselves* 
It should consist of an organized training in practical t/% 
which will include ■ variety of experiences fundamental to 
the life of the community. This includes wood-working, 
t&til-iKttkiug, printing, plumbing and sheet-metal work, 
nut dertrical construction, as they are all found in all conj- 
' yqni*?«j and possess content that can be easily adapted 
^ school in the form of projects. This ia different from a 
vocational course in wood-working, metal-work, oi printing, 
Xjkb the vocational work it will consist of a serin of jobs, 
!. pjtcU, or enterprises which in their accamphriunent wi|( 
>- |jht the boy bo bright and appreciative uudenUndbf «f 

1 Sot pap 194 for cgiDB of ilmfr . 1 



m : 

fowlameutBl processes to the mm important indiutiwi of 
every community, 1 

* O^hiUf rftl^ bmeh sdk^wl should be given to r*kted 
troik in English, social studies, mathematics, science, for an 
intelligent under*landing of civic and social resgommbilitiML 
He projects should be tea! commercial work, as is usually 
ttctmuy in a school plant, in outer to teat the interests and 
capacities of the pupils. 

The shop-work in b prevocatlonftl or industrial clam 
should be arranged in a scries of projects, each involving a 
new principle, A project card (see pp. 10Q, 101) should ba ' 
used with each project. The card should contain the pupil's 
name, the pupil in charge of the project, senior pupil, and 
the helper's name, junior pupil. A fl|ttcc lor the foBowipg 
mirki should be left at the top of the card, related trade 
knowledge, and effort. These murks may he given by the 
teacher when the project or job is completed. The cuds 
are kept on die as a matter of record; the date the job is 
started and the time it is finished, that the number of hours 
(total hours) may be calculated; the material* and tools 
ordered from the stock-room should be listed by the pupil 
after he has determined the proper equipment Hie pieces 
should be obtained from the catalogue an die, at the tod- 
room window. The difference between stock and tools 
ordered and those used at the list prices (catalogue) repre¬ 
sents the charge of the job outside of the labor. At the bot¬ 
tom of the card the cost of the job should be calculated' 
according to the form of the standard wage. On the mar 
aide of the cud the drawing or sketch of the completed 
work should be made, and bdow, a description of the job 
« project. 

Thus it is possible to mark on one card the related tap 
knowledge with complete data. The marks from the pw* 

1 S*4 tae 1(3 fer <*u m rf iputy. 



" ' UANtAi/um ' m 

Sect Wd may be transferred at the teacher** Wrow to t 
permanent record cud called a ‘‘project marking card" 
PfttotJLtfQiiil instructors. U the interest and capacity 
ol a bey is to be successfully tested, the experiences given 
to him must be w near like the actual shop as posobkt 
dherwi* it lacks reality, In order to cartj otrt this idea 
successfully^ it ia absolutely necessary to Lave instructor* 
who possess not only a general acquaintanceship with, and 
' knowledge of* the induhtrieA presented in the course of 
study, hut they should give evidence a I ability to make au 
intelligent study of the progress in methods and processes 
of work in industry, so that the school may be able to keep 
ahrcaat of the times. This eon be accomplished by the 
instructors writing h industrial establishments during 
vacation periods. The unintorostod teacher may he able 
to bold on in the regular school system, but the success of 
the prevDc&tiann] work Ik dqwndcnt in such a large degree 
upon the teacher's power to hold mid interest the pupils, 
and upon his qualities of adaptability, originality, initiative, 
and keen interest, that only the exceptional teacher should 
be employed * 

The plan of the preronttionnl training in New York City 
ia u fellows: Pupils in the seventh and eighth grade classes 
an allowed to select a provocations] coarse which includes 
two groups of studies — the academic and the sbop-work. 
The first includes the essentials of English, arithmetic, act 
(nee, history, and geography. The second includes tba 
theory and practice of mechanical drawing, freehand 
drawing, electric wiring, garment design, joinery* sheet- 
metal work, machine-shop practice, printing, plumbing, 
aod sign-painting. 

Ibc time allotment during the week is as follows: 

1 IbUlt&ne.Biboort 






WuhUL As* oa PtanOCATKfflU ffoix 

forint Of Appmtfic* in cton cd job Hefrer'i omk 

Mifl ol mbnuhip M*tk hx ftkbd tnds kiowiM# 

UkriEof^uA Effort 


4ob « jrtjcct itxrted Fla>bd TaisJ iotw 

Htteriili ordered CatAli'fM IVite S*oe Returned tool* CUigfl 
Tooti ordered 



REAR SIDE OF CARD 


Dii&un of mrk 


Dnoipti an (J job or project 


Cat of hi 

Ur, Adi 













INDD3THIAL EDUCATION 


Ut 


Academic time. 00 Latin 

Englrili. 6 Laura 

Arithmetic. 3 bourn 

Hiitciy* geagftphy. 2 hums 

Science. 2 honra 

Fhystcal training, hygiene. M bourn 

Belated drawing. 3 Lours 


Hie academic material is correlated with the shop sub* 
Jetts and shop instruction- In order in do this effectively 
the academic instructors speed one Lour daily in Uicr shops 
consulting the shop teacher und pupils so that he i* able to 
talk intelligently in the class work about the simp insteuc- 
t*m, Pupils receive amides of different kinds of industrial 
work during tLe two yean. The afternoon* during the first 
nine w«ts arc devoted to murhSne work. Pupils showing 
imustially marked ability in the trade uny continue in this 
branch* while Ukw who show Mint thry are nol profieicut 
change to electric wiring the second term of nine weekft 
This scheme is continued eveiy nine weeks b wood-working, 
ahflfltf metal work* commercial subjects, etc,, until the pupil 
has found Uie trade lliathe fn Im*sI adapted to follow* 

The course provides far the presentation of instruction 
from the most elementary exercises to tlic finished job, The 
correlated work of the academic department has been 
planned with a view Lo giving it at a period when Uic work 
will be most timely. It is a significant fuel that most cor* 
related work of the printing class particularly the formal 
English, possesses tic double value of being cultural as well 
na technical* 

In like manner the mathematics of printing* whether It 
be to find the number of cjh* in a given piece of work or 
determining the number of pieces that can be ent from a 
full sheet of paper, is of a kind that has a value other thou 
its application to this trade, Experience has shown that 












MANUAl AND IKDtt9TfllAL TEAINTNG ]U 


this course, supplemented by * certain amount of individual 
» instruction* will enable pupils ui aptitude to giin 

in w» term a range of n£|jcrieneo equivalent to tbit gained 
* during two years in the avenge printing office, 

Specimeapshow that ihc pupils have done considerable 
printing for their school* as writ as for other school in the 
vicinity. However, in no arc schools in nnnpetition 
with the trade. If the ii'linols did not hivc the printing 
equipment, Mie work would not Lave Itecn done it nil, 
because there would have been no funds avuilalulc. 

The following outline ilhislmteH how llw shop-work may 
be correlated with ilic itradcmic 1 work: 


Printing 

Pmdkol wart Mop-wort Corrrlatim 

Lnnung imw pwlL or flrvin of i« uitirn: Matl*mil in 

al^nMin tyyr tisa SjhmcIoT [JiltilNifl LtWi to p« 

MalcLnff rimgruibS uf In* ltinl illfH lit [jrtrb ti) Jnrtt 

I1W inlmmiii'nr. in J'oiufa |r*i 

(a) jolitfue iWhVa^rijsrti and loihrta to plKW 

ffi) Nwmari |imuiliL*k * 1‘oinh tuinti 

Loanupfl raw Kurt Hrekv of jpwnmar to inrt 

AIubmj l«Li in ImtHm jmit ^h'JCiiik rctuLul }]H^]hh 
of rtphrArt in tri* 1 «i» h ttmt of i*' tfimUinR 

TVqtnn- ■! rt*? tttfiv Ivpn- l’jh'tiiotiiin 

JinMintt ]wwfwrly Jolt turn IW-motinR 

KmrrUV'fo phling up” Nmnntr Ljpptsm S>Uril>ie4tiiiii 

pnpcrlj aml |4aciog Origin nf itm*-* Th-lofj 1 

into itiii TVdminil Uthm Vint nwvilitr Ijpe 

E«cin ta dtfllop Is] l r 4ei! til ]!!«+■ FVimrv 

■prtd and onifuiraitr nun T/iOTukim 

erfrartna insetting (It) Vv\ jnmnEnrs- History 

Spictaj inf-nKiiii First UiUruj 

(t) £n» spuing TVs t>f niLiqiuirnt other l*wki 

ft) DetenairanB amount (cO I’omiwuig.fDfflii Sramce 
(fipaceVtaHn ft) JVrw-ruwo Typr-no iking 

word* 

{«) 3p*cr*/teT "pfrinti” Omor«|ui|imrii[ Mothsutn 

(d) Solid mutter (ft) Cuap^icigprcnm Point Jiyitra 



. Nt. 


matmLmcam 

Ttttfiitt&ttrb dtymt I 

tyLwMwttv (b) Prmvxm En^Ui 
JutMjiiif tnwimtjck Funibun gpdlillf 

(a) Wood faohvdw 

(b) total Functutioa 

Sm type and BUfl- 

ingnutaia] Mathmintks 

Wat pencil 
ftrinto to on qmd 
Points tp £t qcwl 
ronta to 9 «n span 
Fomt" to 4 sn ipaw 
FsLaL5 to Q cm 
EnglNi 
Spdbng 

Fun roii rssn ot ATio^ EtrociTtcN 
fratafite Cow rm ttWy 
A* Academic work, Approximately half time. 

1. Enjlijft* LangtHW basoil on rating, much ol tf* 
rfediug to bwu on tin? imbistricj. Composition, deal big 
with the Dtitipationa] work of the whool. business corre- 
gpoadener, business forms, spc-iling, and paunaudhip. 
Am to cultivate s lave for reading, 

& Arihbwfnr, To hr of & very practical nature, including 
fundamental piwosisey, abort method* used in btuoKVi, 
burousa and trade aritlnnrtir, with emphasis on immedi¬ 
ate application to Uic tncliwtrijl work of (ho sdiod. 

9, Geogm'pfiy. Chiefly industrial, and closely related to . 
history, 

4, Bvtory, Chwly reUled to geography, and dealing mill 
tbe industrial and commercial development of the city, 
state, and country, 


A fine and awuil dufut. Relation of (be individual to (be 
conmunity, state, and country; relation of the worker to 
\m work, to his employer, and tu hi* fellow workmen; ■ 
duties and rHpmuibQitict, both civic and social, with' 
special tttatnrc to wiitstimn, pcwwal hygiene, etc. 



UmJM AND INDUSTRIAL THAWING m 


B. Uduitrial work. Appipiitiulcly half thnc, 

L Bfad-wtfbVy. To Co most prhcipaJly of carpentry, fo- 
dndiog sodi other forms of w-arlc m may be' called fur by 
the projects undertaken. Study of tooln machines anti 
structures, such w Ranges, poultry-houses; problems in 
frimiifex truss mnrtrLietHD, and rcpririvurit, *ilh cmpJift. 
n m the latter, 

& To coadirt of wnrl in lwt and cold l mi 

metal juuI sheet metal. iWthd problems in rrpatn 
and Mustnirlion wlmt MtIop in the (quipping of the 
fchowJ, will Hi[tp|y u im It fur stnuc tunc, Tliia * ill include 

inch work u* U. jdLihh of hum- and angle irons, bulls, 

machine and lull gnnnh, diiLplr Look pipe culling and 
threading milal \&At, v f cMriml and wtlivr atfwatiH, 
Id ailiUtiyu to 1 IlEm p the slide nt* hluuild lake apart and 
VKFnhtc llir :Jrt nuieliinci, cudi-nvoriiiff to find mil ]imr 
they n r iffk ami uhy (Eny sunk. SLmfy ['imfiifly the pruh 
eipta of Hie autonndif iwm'Iliuc ittid tin- method of ion- 
wytug povier IbmiLgh machines to lltcjiuLitof doing the 
work, tike mttntimi *A this mule ltriog to faiuiliarixfc the 
students aitfi the gcm-ml pEuicijikfi of machine construe* 

tLOTL 

S. iVtflb’ny Bud Hading. Trt ratra^ of the simpler fomi* 
mainly the print mp of feunu. tank niunmihruirnta, rtr., 
requirtd for tin- hcW, tin* unti to In- Hupjdrnieiilcd by 
special voik in Engh*h, pjtKif-mnluig, design, and color 


4. EUretriraf cw istTiittto!L To ronsirt of dcmmtaiy work in 
battery roiulntdjdu. magnetism* induction, am*]] motor 
■tad dynaniuLoiHtmclii iil, Airing, oltftrlcal nu'flxurcnind*. 
and testing. EipnDuuh with liattcrirs, imfucLion cmls, 
and the Tiring of hill, telegraph, telephone. and other 
circuits, will ho worked out on specialty ooftHlnjeted frames, 

6, fttttpity, To U elementary in character, but practical 
and related directly to I lie project* Dndertalctfi by the 
pupih ra the Tirioofi slnfn r To oonsislcf tathfreedund 
sketching and niechtnird dewing of the oonunon parti 
of machines such as nut*, bolts, screw*, etc, 
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INDUSTRIAL EDUCATION 


rmffmntfCktiet 



fiflfl m 

i 

1 p* 


ticthan i 


! i n . 


Mondays, WaIdli- 
daji, TWdtui 
Edomiogi . 

AflftWOoHa 

ud 

Thursdays 

MwoLngi, 

AfUroow . 

hltofFiork! 
DooL-itcrk 

| nook-work 

11 

if 

Pbof-mA 

liook-wiat 

1 footwork 
' Shop-work 

■ Shop-work 

1 

ftinp-work 
ork! 

i Rook’Woit 
^ ^bo^Hark | 

Sho^flfffc 

Itoctiwrh 


While Motion 1 of tlte fiat flaw is receiving instruction in tlm 
mwd-worldng blko|t ^liiriDfl lEif first lulf->rnr d section S in in tlte 
printing shop. During tin 1 itfrond half-year the two sedicms are 
iwewed, &itii]ariy h the turn serrimiH ttf tl w Mw/nri-ycar elm 
alternate beta eco Llie metal ilmp ajul Ute elrrlricul shop. In all 
cues on* half of each day in ^'Ut iu the skip and Ibt other hilt 
in bdoWorki as already Holed. 

A program for manual training usually includes a double period 
or onti Half the nwraing hit aftemora. The academic work is not 
usually comiated with the slurp activities 

Instructors in manual training are usually graduates iu the 
manual training lonrsis of ^nj iLormal st-hoofe. Many 

haw received troth Uu^rfMofL-HthrikaloEid h|ujp training in the nor¬ 
mal and cullegr rla',‘.n>nrn and hliojA. Naturally they bring into 
the school slurp Uh L genual cil nc-nE Lnaial nMhola and not the cjom- 
mcttial methods of the IndiKinal world, which latter arc fia neces¬ 
sary in training a buy to Lm- a mnluinir. It is n-hlum that the man¬ 
ual training instructor is willing to go into tic commensal shop 
liter be luu begun to tcarh In onler to got the ccunmercial shop 
training. This l^L in manual Induing instructors of coounrreud 
(hop npericnm is the principal reason why they art not usually 
employed in vocational and pn?vocational schools- Experietica 
■bows that it bi possible to wke an experienced mcthftmc from the 
industrial world and supplement his experience with sufflacat 
knowledge on principles and method* to make an effective shop 
instructor tad that it is not a satisfactory plan to train industrial 
tvebm by giving them £U their shop experience in a school shop. 
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QUESTIONS FOR DISCUSSION 

1. 7t» citj cBdftli el a Targt eomumiiiy imotly derided to do away 
with Duuuj traimig id lk school lyrtroi, o& the tfrdeod Lhatit wu 
Bftman and lie adunli wen set obliged t a teach tt W(tt tk 
•drool officials jmtiEed? ^ 

I Explain wbj lie pmubiI training in the general high aeknl of t tex¬ 
tile naomubty usually taeki noodwaAiog and n*tol-wwkbjt 
and ignores Ik most important industrial activity at tk dtyf 

3. Should ■robUinjf be (outfit in Ik swlesP 

4. Industrial Arts an often used iimtaw) cF nrunsil tracing to-diy. 

W 

A A principal cd a laiflr L+miilary Behoof ilcstm printing laugbl in 

onin to luve pknly of ... Nit tk nfBrr In this pood pedagogy? 

An Instructor to amlwwhrnjr in a pm-orAtmcw) srhool hu ™dc 
Out a definite mnrte of itiwly, lint is nntfjr tO folio* Sprf, oD Acoosmt 
of tk demand for fonrr-poL standi, and other impnvvflnnrto for Ik 
school Tk principal of tk school nppmvr* of the* dmuada 
What m tk arKunlmn and dmulYartiKM nF smh a plan? 

T In ihr poortt a-rimas of n Urfle egmonpofi(od cil e a number of pfevts- 
ealwiud tiroes were esUbliriwd, whit 1 none ™ famed in Ik 
awUtHT Jart-Mjf tl|P riEy Js this fail lo 1 k eEtmnuT 

A, Is it iKffililt: to t«Hi tndrs to o pkwot Lwitf srbnolP 

0 A prtoripnl of a laige kIhooI finds a number of Uu nlw hr about 
to leave school He places tkra in a prewtoicratl elan in machine, 
nho]) aorkh and insists tint tlify he taught hum to nui nlitk In older 
that tkr "iny I podEian brier Is br justified in doing UhiP 

10. Hrttr will manual training or industrial arts flimat b rantbml grid* 
amt? 

Hr An iutrurtor in wood-worhinR in a hiflh school nukes a few rhain 
tor the Hrfa[»l r urn3 hr stale* hr n doing bode work and iludd securf 
tote aid Should the ntem stale auroral? 

19 Eiptom why Iwya file to work in woodworking, 

II Should &u what™! arli raune in a school ftyMem tod mb? all tuna 
of industrial ectivftin r.jwn to tk Imy of that mnmniirtyf 

14 SkmU flirli be allowed to take mrtid-worliirf in a high rhooi? 

1A, A Incbtr of ^ttem-iukbp tlaimi that a hudh it p*thvtt4ai&bg 
“teuhti pupiUto Lie uruntcaad cwefuL" Does ps>xkio© 
thb BtitenieritP 

19, A oanummity eannnt tlford to support kill ta uuiiuTtflil isd a p»— 
TocaUmaladiOol TrliirhoM dictfd ]w oroitlnlP Why? 

17. Stole tk (durations! n indon of tk fr.EJow ryr: (a) forging in Uu toeh- 
mal anne fat a hitfi srboal; (i) ilgn psbtbg u a pnrnHonal 
oOAKj (c) pbaabing ih ar evening trade school; (d) bifid weavtog In 
Ik tbW grade; (r) RfixtUbdog a pieoeof furmtnn in tkc(gklh jrBda< 
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IBT OF UKFERENCE MATERIAL FOR FUTURE READING 

A. Gorlin Spm- 

a N«Udu 1 Bocietj fir tin: Prwrticn oi Industrial Education, * 
Piwndiiip, IflfflL 

(Neji of reorpuizUjuii al jpudc work » u to contribute lo 

bhutail edmstjon) 

* * " Thm E5tn«a in Industrial tttmration. 1 ' Uuiwtil Itaiums cad Tor*. 

fimni ifltiw JlflfliraV, JjrmiTj', 15IB. * 

** IV flioCf rtf fn^/iUrtri pit Elcwtttnrfj Kttnmlm Bubcrino Hopp 
QJhnvitlK ciUifoi'.hiitlmttii iiuluittta ml tbe social devuloji- 
meaitof Hit woritm) 
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* Tfn ElEimTtowtl Value cf Mttnwl friruujiir < \ M. TVoo.hrtiil. 
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Jfmmrf rmtlttitf n-ihflt i'ocflfwihi/ .UilfiilUC, (Motor, 1*MJ. 

(Uiturtbfi bctnwd mutual Jliul iniluvtripl tmiulnifp ) 

* Report oo ibc I trpmkiitjon run L >!jw uno of IVci-ocfttnninl Tnuninn in 

EfcaKfitnfy Schods, VV. L Uttm^Tr UcpBjtnmt of Educat**], 
NwToitGtj. 

(X vtlmUe cootfiEititiou. AlcJioJi ml voiutfs of study or 




CHAPTER XVU 

SHUNT,*SEB1ES, ANU*OI»OUKI> WlNJJlNf. 

t * 1 

| 1* Methods ol excitation ol the IMd-magnet 'Se»^ excitation* 

a —The excitation of the fclectro-nLignet of^i dynamo is, in general, 
effected either (1) by coils connected to u separate source ol current, 
the machine being then said Jn lx; ^ separately excited /' or (2) by 
coils forming a shifht to tike external circuit, fhe dynamo being then 
known as a M shunt ** machine ; or (3) by unis in series with tlje 
« external circuit, when the dynamo ^ called I a ^ soiie* " maejiine ; * 
or (4) by both shunt and series roil* in combination, a*mdV>d 
knou-n as " compound winding." * 



# Fit;, —Srpanitriy evrited dynamo. ^ 


Tlie excitation of a machine from a separate and entirely external , 
soufee of electrical energy is the must obvious method, a*nd was the * 
one first adopted 1 in practice, a small dynamo with permanent 
magnets of steel being used to furnish janrcntifor exciting (he field-* 
mtgnet of a larger dynamo. Fig* 284*sho\ts a separately exerted 
machine, the electric circuit of the magnetizing coils being entirely 
.distinct from the circuit of Jhc maiij dynamo ; .in the diagram the 
main external circuit, iJ„ Is indicated by incandescent lamps 
sifting in pari!lei across from the positive to 1 the negative lead. 
The source of the magnetizing current is represented by a battery 
of* cells, but, oi course, is t usually a separate continuous-c^ent 
dynamo. The ^principle is stil^ 'retained in connection with 
alternators, a separate " excitfr " ‘furnishing continuous current 



w vhaptcs xVn 

i 

tlioii excitation, and in special cases of contimiouwurrem 
dynamos when their qugnetizatioy would otherwise tend to bedome 
unstable. Thp calculation of (lie field-winding for separate 
excitation i\ made at once from equations (124-6). 

1 2. Shunt excitation. 1 he second step in (lie order of develop¬ 
ment was made when it was frUfjfjested that a part uf the electrical 
output delivered by tfee main dynamo might l>e used to maintain or 
iuaausc the magnetism of itsuwn field-magnet. Tfiiswas, however, 
only petal Mr if I lie marlpnc wert^ hirmshefl with \ commutator by. 
which the current was commuted into a steady flow in one direction, 
and was thus n-mh^crl suitable-^for jriagnetizing purposes. Two 
distinct methods wcrelthrti invented hy which this suggestion was 
it;alimh * 

* H^dhe hist, magnetising c^il> were arranged as ;t shunt to the 



external rimiii proper ; \hu>, in hig r 285. from the Mushes of tlic 
dynamo two fiulhs, A 1 , and A\ + are presented, apd tile armaliye 
current divides into two portions, the relative tnagifitndcs of which 
t wilt vary inversely as the resistances of A^and H t ; while the one 
* portion of the total armature cuncul flows through the external 
circuit H tt wherein the useful electrical energy/ is manifested, the 
other is shunted thmugh the magnetizing coils, and both reunite 
to flow through Hit? Armature. The voltage on the shunt is, Vf 
course, the same as that on flic external circuit, since the same 
terminal^ A and /A serve for both. It the resistance the shunt* 
#?„ be relatively high as a>mparcd*whfi /?,, t only admail proportion 
of the total energy Iloveloped wilt he absorbed in exciting the field- 
magnet, and this is the rase undn - load, owing to the resistance of 
the tfjtenml circuit firing then comparatively l«w. Hence the 
shunt coils consist of a large jumiher of turns of small wire, and are 
represented in the diagram bv finl Ikies* . 
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^ H tafaf fgrtttHon.—By ( thc second alternative method* 
magifttizing coils are arranged iirs^iw with thoexternal circuit, and 
the whole of tliy ariAature current passes alike through Hie turns of 
tlie ftefiNmagnet coils, F mt and the external rirpijf, (J r ip, 286). 
A portion ol tin 1 total voltage develojied al the Imislifs is t'xjvruW 
* in the magnetizing ehils, and the r^-m.Mnler is available for useful 
work at the terminals, Ii t J>, to which tJ^r extenrul circuit is^ipplied. 
If the resistance of the series coils, ft*, bo low .i*V< mjxnrd with the 
distance of (he eternal fricuii, Jbr [tmvryagr of energy ^lAoited 
in the held will lx* small as compared with ibr u^dul output; on 
this account the series coils will nsimiyiu’ a few huii' of thick copper 
strip, and are so represented in the diagram? ! 1^' numKi of ampete- 
till ns on the magnet nf the dyuamn may Ih-'Uic same whether it 



W shunt- oi Miicswotinrh since in Un one case ,t small nirient flows 
through a Urge number of turns, and iff the other cast: a large 
current flows though a few turns ; and in both caws the amount 
of energy absorlx'd in securing any given mi ml hi of am|tenMurns 
is simply a if ties (ion of jhe amount of rnpfjcr in (hr hchj-rojjs. 

|*4» SelI-«IciWion, A furl her and most important st£p was 
next found to lie practicable, namely, the scifexctiatwn of ther^ 
machine, whether slmnl- or sciies-wountj, 'Flu* field-magnet of a 
dynamo is slightly magnetized, even whtm the machine lias ceased 
pinning ; it may then appear to l*Cj>erfect]y demagnetized by its 
' failing to attract, say, a toy* told n** 1 *to }***&* but a 

m^re delicate Jetf will jtfiow fhafr both forged and cast iron or steel 
retain a certain amount of magnefic flux (Chaplet XIV, § 4).^ The 
presence of this feeble residual fli/x is sufficient to start the process 
of self-cxcitatiotk, %o that when the armature of cither Fig.*28S 
or Fig. 286 is rotated, the active xopdtictors cut the residual lines, 
and a smalCE.M.F. i$>therrf>)* set up within the winding of the 
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if mat lire, ir the brushes are 41 d^wn " on the commutator and"* 
a closed circuit ls thereby maeft, this small E^M.F, sends a feeble 
current through the magnetizing coils ; the amp#re*turm, of the 
latter, although as yet they may be small, still serve to increase 
the number lines passing through the armature, and these, as 
they are cut by the wires, prtduife an inrreased*E,M.F. ; the exciting' 
currents thereby ini urn inf reused, and its increase is again followed 
hy'a further increase in the flux and.E,M v I\ Thus the magnetism 
gradually grows, the mere men'!* becoming" Its?? and less as the 
iron of the field-magnet becomes more and more saturated. The 
time taken by tht? pJ * buitclrngf Kp" process will vary from a few 
seconds in a small narhmu to a minute or more in a large magnet, 
but after a short time a small increase in the exciting current 
produces very litllc increase in the flux ; finally, for a given speed 
of rotation the voltage :m<b exciting current reach a settled state, 
and the machine will run for any length of time, maintaining its 
own constant flux. Thus the presence of residual flux renders it 
unnecessary to impart to the field magnet aqv initial excitation, 
and the rmtlinuoiis-nirruit machine becomes self-exciting by the 
mere rotation of the urinal One difference, however, between 
the shunt- and the series-machine will be afpparAit from-lheir 
respective diagrams. In the hitter case the external circuit must 
be closed before the process of excitation will begin, sinc^ the circuit 
of the field-coils is only completed through the external circuit. 
In the former caw, if an external circuit of very low' resistance be 
dosed on the brushes, so small it portion of tjie feeble initial current 
will be shunted through the magnct-coils that the machine may fail 
to excite. Hence, in the shunt machine, the excitation is most 
quickly and surely obtained if the external circuit be left open until 
the magnet is thoroughly excited. 

It only remains to remark that even when a machine lias just come 
from the workshops, and is run for the first * bn*,,, there is usually 
sufficient residual flux in the magnet, due to the effect of the earth's 
magnetic field or of other magnetic bodies iq»on it during the process 
of its manufacture, to enable it to excite itself, : The first excitation 
^may, however, require a higher speed than >ill be subsequently 
necessary, and in ^ses oi large shunt machines, running.at 
slow speeds, separate excitation may have to be resorted to in 
the first instance. 

I fi. ^flUgT itoitd in the excited Mdi—When once the machine 
is normally excite^, and is running under settled conditions, ) ihe 
energy spent in the magnetizing coils is entirely converted into 
heat; but during the process of creating the magnetic field a cerUin 
amount of energy* is absorbed, which is given back as the field 
demagnetizes. If the circuit cf a series-wound dynamo be opened 
while it ip running, the stored-up energy reappears in the form of 
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a spark at the switch ; Hie rapid collapse of the lines of flux which 
circle through flic turns of the<tcld<oils generates a high K.M.F., 
which tends to keep up the streng/h of the current; $ti<l if the held 
he powerful ami the turns encircling it be nmncrotis, the intensity 
of the spark is great. In the rase of a shunt-wound dynamo the 
opening of the external circuit doe\qpt interrupt the flow of the 
shunt current round the coils ; Fhf stored energy discharged at 
the switch is then chiefly that of the external uiirult, Owing, 
however, to the Jprge ntnnl>ef of hints iiMho shunt* the effect of 
suddenly breaking tlie magnetising nieuit is even more marked 
than in a series machine. Tims, ptTaon pccidentally lifts the 
brushes of a large shunt machine running umitien ciicuit, the self- 
induced may rise* to thousands of vw^, may damage I lip 

I insulation of the machine, and, further, may give perhaf* a,fatal 
shock. If the machine tw pinning on a closed ritniit, «ny? of 
incandescent lamj>s r the jterson woutd^x: less liable to receive such 
a,severe shock, since the m walled " extran tineiit " is discharged 
through thc t externa] circuit, and causes the lamps 1u flash up 
momentarily. In flrder, therefore, to Tqi^if the shunt ciicuit of'a 
machine when running', a shun (-breaking switch is necessary, in 
which at the njomeqt of opening a not^inductive resistance is closed 
upon the terminals of Hie slimit. , 

*| 6L Determination of ahimi-winding.—I he application of the 
for mu Ex of Chapter XVI to the design of the field-win ding of the 
shunt machine is easy, hot V t l>c the terminal or external voltage 
Vlnch the machine is, required to give when supplying its full 
external current ; then the difference of potential on the ends of 
the shunt likewise V t , and it is only necessary to substitute its 
value for V m in equations (1114-5} in order to determine the 
necessary area or diameter of wire. In order further to determine 
tin# number vf turns and weight of wire, it*is mressary to know, at 
least approximately, the rate in walls at which energy may be 
expended in the field-coils. 

While, however, the pecessary size <4 wire is rigidly intern lined, 
there is, in fact, no hard-and-fast rule for deciding the weight that 
is to be used, and'this must be left to the designer's judgment. 
If a large quantity be used, the weight andcost of the machine’ 
ari? increased, while if a smaller quantity be used the heating of 
the field-coils is greater, and the efficiency of the machine is de¬ 
creased. A t further disadvantage ^hich arisen when th-t weight 
of copper is reduced is # Lhat tyew is a greater difference ^between 
th£* resistances* ot the shunt wheff cold and When hot, owing to 
its rise of temperature being greater; this difference causes a 
difference in th&'Sfrunt current for the same terminal voltage, and 
therefore in the^excitalion and ttfaj flux produced, so that when 

1 VfcfcM tint* id tVfcecwUt in fctrtuit, u will be described in f 4, # 

* . ■ 
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Oie dynamo nim^t a constant speed tlie E.M.F, induced h greater , 
at Mailing than it Rafter it ha^nft few several hofllrs continuously^ 
and has attained its final temperature, If 1 hi*difference be great, 
it will necessitate an alteration in the speed of rotahon in «der to 
maintain the yirrert voltage, or it must be corrected by meatis of 
a variable rhrustnt in Maries tyijth the shunt. Inference of tempera¬ 
ture is minimized by the winding of ih«- sluint coils in separate 
sextons with intervening ab'diicS through whirh n thr air is brought 
into contact With the more heated frntiul parts as in bigs, 280, 
281 ; but, on the other hand, it has to be Ixtrue in mind that, an 
comparer] with a single cod liLh^g l!\r whole id the lad>bin-length, 
the lesser nurrihf-r of‘tun is and weight of wire ;ire always obtained 
at ihr excuse of aslightly lower efficiency. The settlement of 
the cate in watts at whic h energy may l>r e\j>em!ed in the shunt 
coiis dc|>t-nd?i, therefore, llieir allowable healing, and upon 

die efficiency winch the dynamo is to have ; from both considera¬ 
tions combined, exjierieiire enables us to hx upon a preliminary 
estimate from which ihr completed design need differ but little. 
lU practice, die loss of'energy in (he field of a sPaint machine varans 
from about ti-75 \*t cent .oE the output in aUXKI-kilowatt machine, 
1*5 per cent, in a lOO-kili jwlitt machete, to 7^or 8 ( |>cr cent, in a 
4-kiJnwntl machine. Hie jirating question will In- more* hilly 
discussed in Chapter XXI, If it I*' sell led that W watts may 1>e 
lost in file field-winding, then \V \\ - 1 A waits, and J t 
VJRv Whence the resistance of the shunt and ils fom[xjsitinii cjitt 
In' at once determined. The preliminary result thus arrived at 
should only require surh slight revision as will lead to the winding 
forming'a complete number of layeis. 

$ 7. Determination of a ihant-winding with two sixes of wim - 
As staled in t liapter XVJ, (j lb, tliere is only one diameter of wire 
which will give a specified numliei of amjH're-tnrn^ for a giVen 
applied voltage K, at its ends, if the whole of ihr coil is wound w^th 
wire of the same gauge. It is, however, oftoir'desiied to make up a 
com|*>silc shunt winding out of two sizes of wires. Any size of 
shunt wire can be specially drawn, but for manufacturing reasons 
it is advisable to adhere to certain standard Sizes of wire which 
* are held in stork, Given tv'o sizes, one of which is larger and the 
other smaller than Ufa coived diameter, they can l»e wound in stich 
proportions as to produce thesamc magnetizing result as the correct 
intermediate size, t The use o( two gajifjcs of wire in series implies 
i\ different rate of heat-genera Hop irf them owinfj to their unequal 
current -tie ijsity* luft in practice.if the two sizes do not differ grer.lly, 
this leads to no disadvantageous result, 

'Ea determine the*necessary proportions bj trial and errotf* is 
usually a somewhat length/ prvrcss, and the tabulation may bs 
much shortened by attention to tfre following points; 
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From equation (125) the ATaj( any coil wound with wire ot 
area aSq. inches is *1 * 

V m X UHK> X a ^ ■ 

, * 0 02445 >: t M x k 

When two sizes ^af wife are to In? cmjrfoyi'd, lei Hit* sufti\es s, r 
Siidicale respectively the lar^e, >uull*and cowed mzin of wire. 
The current thom^h Hum' ombinatjuiL’of wires is P 

. a ' r,V J.tKNJ t ' 

/ j i >■ /jf j J A ' tj\ 

0-112445 ' J i > \ 

A V t ‘h* / 

^ n 1 1 this when multiplied by i imis^jfe 

• * r, >. ukmi \ x 

u U2445 / /, ./A 

fly. 1 turns'/', and I) nm>t now h* expressed in lerms of the number 
uf mriis of either the latter or Ihe smaller wire which will fill the 
entire winding sjurO ul sei ihuuI ana A. fcet the larger wire he 
taken .md let 7/ he Hie'number of turnspit it which svill fill the 
area .1. . . • 

J tit true number *>f turns of ihe lai^er wire when a part A g uf 
u* winding^parr i-, filled wilh Hie smaller wire inslead rtf ihe farmer 
wiie is then 

‘ * . • 7 < J‘ A '.r 

iljll! llir t! hi; iff] lilt irr (if UiriK uf I In* slll.illi-r will- U • 

X ",1 

■1 p 

where <r lt and are lire aic.b wliii h die nun uf each of the two 
sizes of wire ucnqJIcs when insulated and aher lukint* into amount 
the interstices between llie wiles. 

Tl^ total turns are therefore * 

/■,.•/, rt\x 

¥ f • 

or since A M T t > a u and A T t * , 

"* r * f y .(i "l~) 

, , . • • V a vt _ 


r, yy . 


-iv 


suite whatever the conditions of betjdintf, a, iso: d x \ where d t b 
the insulated‘diameter of theV^e, 
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, Mollifying k lt k $t and h tl it is ^jund by substitution that 



When the coil is dkided into sections so that the mean length o 
4 turn in cadi section is the same, and t Kl ■- l a — the equation* 
arc immediately soluble, fis a general rule, it suffices in this Case 
to calculate the relative wilths of the sections of the two wires. 
«y.« Ihe fraction of the net winding length (after deducting any 
radial air-spaces} which the small wire must occupy, 



In this expression the difference* in the squares require to be worked 
out with accuracy. 1 


Hut if one size of wil e is wound above 1 the 

other, “ and 

in tire 

previous equations must be approxilnately 

t 

estimated, a* 

; roughly 

indicated below* Under average condition? 

i of depdi* el 


( 4 } IVilA th* smalt titt wound oh tht inside, '* 

ia 

. iSj. 

U 

X 

ami tirarly right in sir* .... 
huif anil half in depth .... 

. 1-08 

0-91 

largo Nile pearly right .... 

, bOJ 

US'* , 

( 6 ) IPitf tilt stnaU sitt istmnd on tkt outside, 
large site nearly right .... 

. iw 

1-17 

half aid half in depth .... 

. U-Hl 

1-08 

102 

small sire nearly right . 

^ 0-812 


Since with the samp winding length T oc n/d^where n is the number 
of layers, the ratio Iwtwef(i iheluimbers of layers of the two six&i is 


•»» 

• »< 


‘lx 

4 II 



® t 


. (132) 

i 


Thtfmtio/v^ need not necessarily exceed 7 -, sinto if the smaller 

W t 1 * * /* * 

wire is wound inside and wall at a eftrtain thickness givt the required 
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tj number or moge than the reqivred number of /M', Tthe function nf 
the forger wire at its forger mfa^ium is to reduce the .17\ - Hut 
if this is the c^sc and the numerator of the above ?tj| vail ions becomes 

negative, must exceed which makes tlenomin&lor 

t also negative. When the sixes arc'lfius so nearly Commensurate 
with their respeuive mean turns, flic equatlbiis cannot £e solved 
with sufficient correctness ou the slide rule, the difference lioing 
<ou small to dcttSitunt* accurately* It is therefore best Unwind the 
smaller wire outside, lor purposes of calculation, since U is practically 
a matter of in difference wirich Potirse ij ppfsued. Under these 


circumstance 




alwavs exceeds ^ and 


t e 


xcecds 


O' r hi * 

. * . 1 L 


gives a clue to the light values to (je inserlcd for‘the rtitios -?■ 

i * * 

^ r . 

The following simple approximate fuinm^e have been developed 
by Mr li. i\. Jakemari 1 to determine diitcily the winding depths 
of the two sizes of wire vAvn one is \fcoulid atwive 1 hi- other, 
k^f the lafgc sffie is w p mflid Ijim 


x 


<*}-<** 


2. If the small size is w'oluk) first 


A 


\ io 


a f 

^ _ Aj it, ti $ 

where x and are the total winding depth and tin depth of the 
large size respectively These formula 1 give g<md results in practice 
foaany sizejff coil, whether round or rivt jugular. 

When the wires as usual are not far jenioved from one another 
incize, the difWwiat are so small ihat tlie numbers of turns for a 
given depth of winding can be varied thumgh a wide range with 
practically little effect oti the total A / which the eomlnmflinn yields, 

| 8. Example of#thtmt-winding calculation. To jllusiraie the 
above, the winding Jor the 21' x 11* dvnanjo of Chapter XVI,* 
as a shunt machine will now be Vorkjpi oul in detail. A shunt- 
wound dynamo is almost in variably L furnished with a rheostat or 
4 resistance in series with tlie magnet winding, Jor the purpose of 
regulating it* voltage ; the'boifc of sucli a rheostat can be suAessively 
thrown into or^ift of th#shunt circuit, and sincofor a given voltage 
at the brushes the exciting currcjit can be thereby reduced fir in¬ 
creased, the vol£ag£ of the machine can 1>e lowered or raised by 
successive small* steps. It 4 will ^ a^utned in the present* case 

i "A Direct Method of CalcaTitjpgjShuift PirM Coils having Two ffouges of 
Wire,*' EUttr> 21st Nov.^“1919. 

•M-{***) 
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that a shunt rheostat is to be used, w that tiie electrical connections 
of the machine will be as diagrammatical ly shown in Fig. 297, and 

y 

the current in the shunt is J t -- where R r b the rebalance 

t rtf "r -tif 

corresponding to the particular contact on which the arm of the 
rheostat rests. Uhder these- circumstances at' full load, and when 
the machine Is heated after a prolonged run, it will be advisable 
to retain a sfeull margin of resistance in the rheostat ; in other 
words,' t,he full voltage *t the brohes wilf hot be ised to excite th** 
field-magnet. It will be remembered from Chapter XVI* g 16, 
that, when once thtvgauge of slnnt wire has been elected and the 
coils wound, the ampere-turns are not increased but rather reduced 
by winding on more turns, while a limit to the removal of turns is 
qujfkly reached through the overheating of the roil which results 
Hut if one ot two steps of resistance in a iheostat have been held 

in reserve, >hould it 
Income necessary t o 
make up any small 
deficiency in t lie cal¬ 
culated ampere-turns 
oMo cover any v-iri-> 
at ion from strictly 
normal corditiuns, the 
last steps can be cut 
H f out and the voltage 

Fu.V 2tt7.’ - Adjustable rheostat in shunt dp’iiit. I her^bv raid'd slightly. 

Hut cm ^1 10 other hand, 

the difference between the terminal voltage at the brushes V bt and 
that applied to the terminals of the he Id-coils, V x >i>e. the loss of volts 
over the rheostat at fujl load, or V b - V t . must be kept small, so 
as not to impair appreciably tbe efficiency of the machine* In the 
present case /there fore, V x will be taken as about *2 { per cent. less 
than V kt or, say, 225 out of the 2ft) volts at the brushes or terminals 
of the external circuit. 

With the same loss of volts over the armature resistance and 



brushes asm Chapter XVI, §6, the induced K.M.F. must now be 236 
volts, or slightly less 1 }ban lx>fore, since no part of the field-windiijg is 
in series with the armature ; the necessary flux is therefore — 
238 x 60 x 10* * 

jeo a ■ -*635 X 10* and the total amperc-tums on the 

450 K 50U « • 


four poles to giver*his fluxisfrotfl Fig. 274i AT f X = 4 X 9,500, 
The diameter of the pole being 9J*, the inside diameter of the 
bobbin over the wood strips running axially dqwn the magnet-core, 
afftf the fasliion of Fig. 280, twill be A depth of winding of 
may be assumed, so that tfre^m^an diameter of £ central turn 
will be 12(', and its length /* = if X 12-325 inches =s 1-08 vard. 
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i. 9-875 + 5 

With the assumed thickness ff winding, r *= =* 51 —-~ 1 - 2 | 
ft I * 8 ■0/5 + j!'5 

- * 

and V/t » 0 995 — wilJ be about 0-8, As will btf explained in 

B “ i • , 

Chapter XXI, if the coil were closely wound without any ventilating 
channels, a ratio of tibout 0 5 watt ^§r square inch would give a 
surface rise of temperature of about 45* F., and the ratio of (fie mean 
rise to the surface rise would be, say, 1-72, so that from Chapter 
JCVi, § 16, assuming the tem picture of # the engines Kim* to be 
70° F. while the standard temperature of the wire luble is 68 ' F-* 

k ^ I + 0-0022 x 79-5 - M75*and • /..** /- 1 ' 175 1-53. 

V £■" V 0-5 

Since each coil has to give 9,500 ami vie-lunis ( by equation (129),* 


Vl-2/. 1 / f 2 IP 


9-5 

1-21 x 1)8 


1-53 ■ Is 


and with 2\* depth of winding L ■ 6 82*- 

The above give* a first idea of flu 1 , 
necessary length of coil, and will hold 
good equally in the prcR l iit* r ase whctfllu: 
coils are to l>e divided up into sections 
wjtli air-canals between them. The effect 
of this construction will be to reduce the 
value of A ami at the same lime to increase 
file tfatis jkt Myiare inch 1 hat may In* 
allowed for # the same surface rise ; thus, 
as in OiupttrXVF § 16, A may be taken 
as*M6, and 0(54 waU jvr square inch 
maybe allowed, the gioss length of oril 
being reckoned in the cooling surface/ 

It /esults that,»even when two air-canals • 

each |* wide are added to divide the coil info three sections 
(Fig. 288), its gross length may remain 6-8*. It will bt^assunicd, 
therefore, that the above calculations or the known design of the 
magnetic circuit, a5 in Fig. 266, have led to an axial length of 
pole of 7'3*, a surplus of J* being aJkwed attach end of the coil. 

The several shunt coils, one on each pole, Sre almost invariably 
connected in series, so that by equation (124) 

‘ j ♦ 



Fits, a»H, 


, • 225 X * 

• W ~ 38,090 X I- 08 *X l ife 


4-72 ohms \kt J ,000 yards, 


and the necessary diameter of the :>hunt wire is by equation (lfe) 
S * 0 -176 


Vi-72 


= 0 - 0813 ' 
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i, Tto net winding Length is 7-3 7 1*25 * 6*05', and each of the 
three sections will he, say, 2-02; tmg In order to illustrate the 
procedure that would he followed in working out the details of the 
coils, a winding'with the above single size of wire will first be com¬ 
pleted as follows. The number of turns in a layer of one section will 
2-02 

lw :r= 20-9. Strictly tyeiriimg, one turn must be deducted 

from this quotient, which gives 19-9, t or 59*7 per layer of the three 
sections.,. With a ik-jUli of about ,?-5* there wifi Lc 28 layers, sincr 
with allowance for bedding we have by equation (128) 

0-9 x 28 x OTJ063* - 2 43* 

The lota! number of * urns *m a complete bobbin will be, therefore, 
28 X. 59-7 1,6711, or 6 h 680 in all on Hie four bobbins. The mean 
length of a turn king i m >-875 f- 2-5)tr 38-8 inches - U)8 

yard, the total length of wifi* is 7,215 yards, and its resistance at 
68° l\ ■' 7*215 x 4-72 - 34 ohms, or when heated 34'ohms ^ 
1*16 ■-■*.: 39-45 nlniis. lu order to give a total of 38,tKH> ampere- 
tnrns the current mifel IV 57 amperes, cor esjxmdmg to Hie 
assumed V £ - 225 volts,"and to a loss of enngy in Hie shunt winding 
at Hie rate of 57 X 225 - 1.280 watts L The |»eri«U j ler of the outer 
layer will he {9-875 f- 5)*r 46-6' and the over-all length Oi *fhe 

i oil btlng 6*81', the total cooling surface of the four coils (measured 
as in Chapter XV, § 5) will hr 

46-6 x 6*81 - 318 

2 x 2-5 x 38*8 - ISM t * . 

5i2 X 4 - say, 2,000 sq, indies. 


As will fir explained in 4 ha pi er XXI, the ralio 


1,280 

2,000 


— 0*64 wait 


f>er 


square inch will, in thV present type of constructs n with toell 
ventilated coils, give a surface rise of temperature af about 48 Q f 
or sufficiently m-ar to our assumed amount. The design may 
therefore bo proceeded with, since the assumed depth of winding 
tallies witK the requirements in regard to heating. 

It will next be assumed that for manufacttiling reasons we are 
'limited to No. 14 £.\V.Cr, r~ 0-080' diameter, and a size inter¬ 
mediate between Nos? 14 ;»,id Kf, say *085' diameter. The diameter 
of the double*cotton<overed c w'ire with 15 mils insulation will be 


in the two cases MffiT and (MOtT, .Substituting these values lit 
equation (131), y t is 0 7, and in view of tfie smalt difference between 
the wires, t))ere will be but little effect if its proportion of the tStal 
length of the winding is reduced- to two-thirds* Three sections of 
eqt^axial length have a good appearanp, and it will then be feasible 
to avoid having to change the wire during the winkling of a section, 
the whole of the central section alone requiring to be wound with 
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the larger wire. In the two kinds of section fhefre will then ta, 

. 2-02 * >02 4 
respectively 21-2 and ^ 20 2 turns^ per layer, or 

mq^e* accurately with one turn deducted 202 and 19 2 him*. 
In order to bring the ends of the sections together for soldering 
and the ends of th£ bobbin as a wft<4c away from the end flanges, 
it is with three sections advantageous to have an even number 
of layers in the up|XT and lower sections and an*uneven miiiilier 
*of layers in tht central section The ftrwl winding wit 1 therefore 
Iw arranged with the tw'o end sections each of 28 layers of IHWtr. 
and a depth in each of 2-4*. "'life rcnlnd Action w'ill W given 
27 layers of 04185', with a depth of iMv^. The mean length of a 
turn will In: slightly less than in the preliminary calculation, 
say, l t =■■= 1072 yard. In tabular fwrm we ilms have-- 


No. of 
Turn I 


Yanis. 


28 lavrr^,-f <MWU . 

MG 

607 


27 „ tt-OB* . 

5ia * 

__ 

SAG 

2H „ <Mi8n #i 


807 

— 

JVr Imtibin . 

IfvSO 

1214 

55G 

In -1 U'bbms 


4H5G 

2224 

/ pvr l H 0(Ki yariK . 


4 m 

4-32 

Jti-MHtaiur . * i 

— 

23-7 

97 

1 


- 

-i h 

1 


334 

Qhmv 




' t 

■ The c unacted cooling surface slums so slight a reduction that the 
temperature tfill remain practically Ihe same as fir si calculated, and 
tljc difference in the rate at which eneigv is lost in ihe central as 
compared Vtitli the outer sections will ndi be sufficieni 1o demand 
any further adjustment. • 

The total resistance of Ihe four bobbins when hoi svill therefore be 
33-4 X 116 -- 38*8 nlyns. and the required amperMwill be# 
obtained with an exciting current of 5-75 aioj>cies. The exciting * 
voltage will Mien be 223 1, which falls within our assume'] limit, and 
the loss of energy in the shunt cods at the rwte of 1,280 watts will 
be l’ft per cent, of the output, with a lotaTloss in Jhe shunt and 
rheostat combined at the rate of 1,320 watts, or 1-65 per cent, of 
*the output*of 80 kilowatt*,, The weight of ^ire will If 283 lb. 
o^O-OSO' and J45 Jb. ofiVOSif* o; 428 lb. on the whole machine. 

| 8l External ohantttariftic curoot ibunt nwhina ^lf a dynamo 
be run at a constant speed, and the resistance of its external 
circuit be varied s3 as to al*er the value of the external current, tiie 
curve connect!*^ simultaneous fldoes of the terminal voltage, V tf 

and the external Current, / # ,“foc a given speed of rotatiop is kncgtfi 

* * • 
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as 'the external characteristic of the nrachinc for that speed ; since 
from it the behaviour,of the maclune under varying condition^ of 
load can be graphically studied. If a rheostat is employed in 
conjunction with the field circuit, its resistance is assumed to be 
maintained con**ant, as well as the speed. The amperes of such a 
curve are usually plotted horizontally as abscissae with the corre¬ 
sponding Volts as vertical ordmates, The two may either be 
obtained by diftet measurement, voltmeter and ammeter being 
read off simultaneously, eg the curve may be derived from t)»e flux 
curves of the machine. In the case of a dmnt-wound machine 

Vote, 

V. 



Flo* 28H— Charadrrintic curve of ahiint-wound djuamo. 


the curve qf external voltage and current will be found to take 
' tlie characteristic form shown in I'ig. 289, OLKD+ The manner 
in which it may be derived from the flux-curves has. now to be 
explained, and first iti.vili t>e'necessary to consider the process by 
which the three curves of rig. 274 may be determined by direct 
experiment on a shunt-w p ound Mynamo* 

From equation (-Wit) it fotloivs that for a constant speed is 
always proportional to <D r tho nun*eiyal relation ljet,ween the two 
depending upon nature of tKc winding and number of active 
conductors. In a slmpt dynamo */ B — and E 9 = F* -j- 

i* (Ai*+ tf.), where /?* is the resistant# of the'brpshes; whence 
4> B oc K* + /*{if B + /?*). Ifptt|pnfore, F*be observed fordifterent 
e^tations^ the flux can be thenfc deduced. The ampere-turps 
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* y 

on field-magnet are [ t x I t —\f-r*77 n^}’ fie* 

obtained by treasuring the voltage at the brushes #nd dividing it 
by^thc resistance of the shunt and jheosta^; hut for greater 
accuracy it is preferable to measure il directly by an ammeter, 
since the resistance flf the slmnt is mi ntanualIy altering if the machine 
is in process of warming up during ‘he lesK. ■ 

When the external circuit is ujHn, the only cun cflt flowing is that 
■through the shiLit, As a rule, J kit is so *ma 11 that Becomes 
negligible, and \ \ ami f’ # are almost identical. It, 1 heiefon\ the 
armature K l run at different spu.tfc, and a series ol simultaneous 
readings of the spa'd, the voltage at thf blushi"*, and the shunt 
current he taken, a curve can be plotted fvdm the leadings vvhiiji 
will connect and AT ,; the arnv.iture amjvie tunw due to the 
shunt current alone being vety smaJJ, then mfhu n-.< oil the held 
may practically be neglected, and the curve llnis obtained is the 
highest or “no current '* cmve of flux nf big. 274 , Owing to the 
small amount of residual magndiMii ijhii h jmtsisTs in llie machine 
evi-n when not cm fted^lhe flux-cui w as l\*u> puciii ally delei inined 
does not descend strict lv ^o stero ; ^utMowaid* the origin curves 
ftwvd slight h , and ends a little above zero jcp. Fig, ; there is 
further a small difference in the cm res ;unnlin h as the leadings 
!fre taken with the excitation progressively inn easing or pro¬ 
gressively decreasing. To obtain the lower turn s id llux foi either J 
" half-current '* or " full-current/' tlie same readings must hr taken 
as for the " no-vurrei.t ” cum*; hut between the muling* at jt;i< li 
diffrt'eiil spued ihe resistance of the external cin uit must be altered, 
*so that wh?n the measurements are made for either cm v<\ ihe current 
tflnmgh the armature \I a ■■■- /, -f r /*) has the must ant. value required. 
Tfac loss of ^ volts over ihe resistant e of yir armature and brushes 
must now be added to the terminal voltage to obtain h 4 . 

* * y * 

Since AT M -'-j^*X 7’,, the jKiU-ntial ilifft-Ti-nce applied to Ihe 


tertniluds of the whole shunl-rtioiil, or V. 

* 


R, J h\ • 

K, JS 


OC 



when R, and R r arc constant, as ^ Ihe ^i-e when a machine 
hfc been running for some time an«t h;*s altainerl a steady 
temperature, and further, when the position of the contact-arm 
•of the silent rlieostal is pot alleged. If, tl*.refou\ we possess 
the flux curves of Fi^. & 74 Ttl^se can l«j converted iiflo curves 
collecting armature E,M.F\ 4 fcd exciting* voltage (or more 


/? -f’ /? i' 

strictly V m X -*"» —^ a rheostat is present in the shunt 

I A| ■ t 

circuit), when Sbme fixed speed a&umed, The fulMinc curves 
of Fig. 29ff shofc the curie* of Fig. 274, thus converted on 

. # ■ * • ■ 
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the assumption that in our dyn^no the number of armature 
conductors is 450, ttye number of durntdiinis l,6& per bobbin, 
(lie total resistance of the 4 bobbins 38-8ohms, and that the constant 
speed of rotation is to be SpO revs, per minute. From the design 
of f 8, the rheostat must be given a resistance of 1-2 ohms at full 
load, so that the combined psistance of slum,, and rheostat is 40 
ohms, at which it is fo be maintained throughout, The armature 



F:d*C290. Conslriit tion fnr di?riving characteristic nf 

shunt-won ml dynamo* ^ 

* 500 * 

E,M,F* is thus 4^ M58 . — X I0“* = x 37*5 X lit*, 

and when the exciting voltage on the terminals of the shunt alone 
is V 0t the corresiHinding voltage on tha terminals of tty; shunt and' 
* /f + 40 1 

rheostat is K # x tr^t— r = The loc& bf volts o>er 

t o 

the armature when wsym at half-load is 3, and at full load 6 volts ; 

and t to each of these has to bj added the los& ($rer the brushes 

which with hard carbon as thei^nfeterial may be taken as a constant 

ajnount == 2 volts. Curve 1 conn<*rt( E m or F/ which has nearly 
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R -flA * 

the £lme value, with V r , 1 3 * -f when /. 0, Curve 2 connwls 

R*-j- R * 

Y w , when / € has the value .4, ( --- 18) amperes), 

and curve 4 connects /: € and K x . wkm / a . J t> { ;ff£ 356 

amperes). From curve 2 is obtained the dotted hirer 3, Conner tiny 

R, J R t * * 

V b and V t > —“— r , when ^ A l amp^ro, bv deducting from 

K t 

the ordinates of eprve 2 theJi'Aiff volts mVr the brushes and 
armature resistance ' the vertical distant higwvrn curves 2 and 
3 is thus throughout equal to 1 -| ] (A , - \ h\) * 5 voll>. Similarly 
from curve 4 is derived the chain-d-Minl nuw 5, c^um-eling \\ 
Ji \ r R * 

and r x+ ■■-- -— r when I 9 J f , the fertical distance UKw-en the 

* A # 

tifco curves living then 8 volts. 

Now, sinct* in a shunt-wound mgrhiifc.' V b is the same as 

R A~ R * * 

Fj . those |xnnts on curve 5 (wich as L or A') foi which 

the ordinate \ \ ■ - the abscissa V, . ’ ~- ■' aie the only varies of 

• .* 
voltage wlmji ihe machine would give when run at tin* fixed speed 

with J, anijK-res flowing through the armature; and in general 
those points mi £ny curve Connecting V b and V 9 . ■■■ ir “ f , for 

* H yt 

which ordinate and abscissa are equal, give the only possible values 
of *he terminal toll age 5 a tlie particular armature current. Induct¬ 
ing the slmnt current from the total armature t urrent, we oblain ihe 
* * , *230 vclt> . 

external current ; thus at print A', /, - ^y'^brns*" — 

nearly 355-75 amperes and therefore /, ■ 350 and V, — 230 arc 
simultaneous values oi external <urnnt and terming voltaic. 


All Such points are necessarily passed through by the straight line 
OH, which is^lrawn at an angle rtf 45° fji m the axis of abscissae^ 
as jg. K and L r A* and M, I) and Q ; and after deduction for the 
shunt current these may be plotted as p*frt of the external charac¬ 
teristic, a* shown by the corresponding letters in the full-line curve 
of Fig* 289. ■ As the current increased, the hto points |t which 
th^K* curve intersects Uie diagonal draw together, and the maxi-* 
muffl current is that given by the V* curve, winch is just touched 
byline OH as a tangent, # 

| 10, Deducttfoi from durtgub^to ol shunt djmunA—It 

will be seen frem Fig. 289 tliatjoptlur^hunt-wound dynamo running 
at any one fixed speed Jhere is a maximum value (or tji* external 





582 


• .CHAPTER XVII 

' current which it can give. Owin'! to the heat which would h 
generated in the armature winding by a long-continued passage o] 
this maximuirtVnrrcnt it may be, and usually is* impossible to work 
the machine at the point^of maximum current; the maximum 
current, in facf is usually more than double the working current. 
Apart, however, from thequc^tmroflhcheat damaging the winding* 
it if fur another reason inadvisable to work clrsc to this point. 
After Founding the point of rnaximem current the characteristic 
curve descends very rapidly, and almost in a sh night line to the 
origin. Tims in the diagram {Fig, 289) the part OQ is practically 
a straight line, and this implies" that for an external resistance 
OK volts 

■ * , ( , llw terminal voltage may have any value between 

Op amiH res J J 

zerd nt*.\ 0S t volts, the external current correspondingly varying 
between zero and OR nmjiertfs; apjKinmily, therefore, the machine 
might give widely different voltages although running ai exactly 
tile same sj>eed on the same external resistance. But in reality 
the flux of tile held is^hefi unstable owing to the voltage on the 
shunt not being sulhcient to magnetize the iron projierly ; hence 
if, when working near flu: point of maxim inn current L the resistance 
of the external current becomes lowered to a value below tharwhich 
corresponds to the maximum current, the machine loses its magnet¬ 
ism altogether, and the voltage rims down to zero. Tim practical 
importance of this is that if a shunt-wound mac 1 line be accidentally 
short-eUvuited when at work, or. in oilier words, if R t is reduced 
almost lo 0, the armature winding is not burnt up by the con¬ 
tinued jkissage of an abnormally large current; tht* ftiachinc, on 
the oilwr hand, becomes demagnetized and gives no current, 
although the driving engine may be running at a speed higher than 
the normal. 1 Neither will a shunt-wound machine^oxcite if an 
externa! circuit of ah normally low resistance be dosed on it, so 
that it is unharmed if, when running alone, its terminals are short- 
circuited through an accidental misconnection of its leads. For every 
value of tV exlcrnal current except the maximum there are, two 
values of the external voltage, and which of the two, voltages is ob- 
*■ tainted dejHmds entirely upoq the resistance of *tlic external circuit; 
this latter is equal to VJtl^cx the slope of the line to any point, on 
the curve, Tc. to the tangent of the angle made by OP with the 
horizontal axis multiplied by the ratiq of the scales to which volts 
and amperes arc plotted, or simply ^lo tan a when V $ and I* are 
plotted to tjic samfc scale, Theslope of the full-line curve bet^fcen 
L arid 0 marks tftc critical tesisfaixe of the external circuit for a 
spe^t of 5tX> revolutions per minute ; at this value the magnetism 

1 OccMionilly a complete altorfrcfcuit of a shunt dyfumo will, through 
certain secondary reactions* end in maghrtiangit% field vlightiy In the re vena 
t ffl&rctlon, so that, when again seltaxdted, its polity it ravened. 
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.. is unstable, and at any Jowexfvalue the machine diJJ fail to cxetk' 
or ’ihamtain its excitation, • * . 

For each constant speed the same shunt-wound*iynam*> gives a 
different external characteristic. Thu* in Fig. 289 the dotted curve 
show's the external characteristic of the same dynatflu at a constant 
speed qf 555 revolutions minut^instead of 500, and it will lx* 
seen that at the,new sp^d the nuxinuun current is increased* Tlio 
higher the spyed the less is the slope of the denuding biaifrh of 
* the curve ; or, *n other words,.the smaller K the critic;* 1 resistance 


which the external circuit may have* without the dynamo hosing its 
magnetism. * * * 

f 11. Instability ot magn«ti3in,-~l nobody of the magnetism 
requires to l>e carefully guarded against in ifle design of stdf-excil ing 
dynamos* Figs* 280 ami ( 

290 Show that The un- ♦. ™coa 


si able .portion id the 
'curve between /* and O 
occurs when ihc flux 
fails on the iniiialVraight 
portions of the curves in. 

Eg**- 274, whete the 
ampere-turns over the 
•air-gaps form almost Ihe 
whole of tlie excitation ; 
heijcc if the machine is 
designed so Hiut the * 
working munber of lines o 
falls on iJ!e lower pari of 
flic flux curve wheie it 
descends rapidly towards 
the origin; the magnetism of ihe niailiitir as a udf-i-xrmng 
dynamo will*Ur tytsfabic. Tvvrii if the Arid huhf h> magnetism, 
a very slight variation of the speed will Sis- a large varialion in 
the voltage—a result*whirl* is alwav^ undesuable, atftd es|H-ci;diy> 
so if the machinejie feeding lamps dire-1 ly* Tims in the ca^: of a* 
shunt-wouiftl machine, suppose that bs s|H-cd is raised dighflv, t^e 
increased E.M.F. causes an incisasft in tljb current through the 
shunt, which Vi 11 again increase the flux and the h.M.K, and the 
lower down the curve ot magnetization that the machine is winked, 
the great is the effect fd\jny variation in thf; shunt agrent upon 
title E.M.F., ft wing to fhe mslgitf tawing loss saturated, 

*A measure of the percentage varialion iu the voltage which 
follows from a certain percentage variation in the speed may be 
obtained by ihe following construction, 1 Let 0$ {Fi^t 291) 
be a portion* of the flux qtiftc Antaining the working i**mi 
* Cp, POviukr and tiftmperu, *E«ginrerin^ 3rd May, 1 90L. 
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corresponding to lines at winch i* is desired to investigate th* 
t effect o( change of speed. The same curve with a different scale oi 
ordinates wiU also represent the voltage, or £* =* jyvtfr, where A 
is a constant converting lines of flux into volts at the speed of N 
revs, per minute. At the point <D draw a tangent to the curve; 
let it cut the vertical axis at ^j, making an angle a with the horizontal. 
The equation to the tangent tine is <D ^ fa -{- A\lan a; and in 
the shunt machine the excitation is practically proportional to the 
armature voltage, or X c£ a . where c is some constant depending 
upHin the field winding. l ; or a very small alteration of tlie voltage 
the working ;xnn1 may b*> taken moving up or down lire tangent* 
and for a very small Mtthation of the speed ft may tie assumed 
constant, ffence /; 4 — kX{fa h r/; ft tan n). Differentiating with 
'respect to thi: s]Hied, the rate of change of the voltage when the 
speetf begins t i k L . alter is 



whence I - kX Ian k[fa f r li t *:m a) = A<& 

Since <b - fa h ArA'th tan a, we have $ (1 - ArA tan a) fa ' 
or (I -AaY tan a) -- ^ J 


1here{fm! 

• X 

Multiplying both sides by — 


. k * . 

AV" Ui 

and substituting AA T <t> for on thp 


* right-hand side, 

di*± S_ I G 1 

• lx * 

dE , 

• /j, fractional change of voltage <N 

•dr =si ■ -- — 

rf.V fractional change of speed (j>, ' . 


(138) 


w T t 

The percentage charge oithe voltage corresponding to a giv^tt 
percentage change of the speetfris thus directly given by the ratio 
tyfa* and this must not be allowed to exceejt a certain lifting value 
if instability of the voltage is to be#voided +t It cjyi gnly be unity 
if the machii^ is sejfarately excited* Fig* 291 illustrates the cafe 
of the^r X U* dynamo which has been above considered when 
giving ^20 volts on open circuit at a no-lojd speed bf £15 revolutions 

* t . . ,t '1 , . 220-x60xl0» 

per nunute ; the flux required is ^h^n £> a — ■ = 
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5-7 X 10* C.G jh lines, and il l$s boon designed to *urk on a faiHy * 
staftfe part of the curve so as ft> He satisdactewy under these enndi- 
tionswhich would have to be met m practice. The riiiio4>;^ 204, 
amj a 1 per cent, variation of the spW impjies'a 2-04 per cent, 
variation of the voltage. As the wnrktng ;^>rnt &pi>nNn:hes the origin, 
i the rati^4>^j rises.* and in pructu\' 4ii order to avoid instability, 
should not exceed 3, sn that thj? Jninge ofr the voltage* 1 hh:ouus 
3 per cent, for q 1 jjoveeni, vacation of sjieed, 1 # Astvjli U* explained 



latter, it is especially in mepcoinjioundcd d;namns tffat the safe* 
limit is likcly*to ]>t approached in regard Ut the ojvtw ircnil vultagc 
given by the shunt*winding. As a^iiaMer^)f fact, Ihe change df 
voltage for any change ol speed is in averbdn extern held in check 
by the hysteresis, which assists in *.iaintaining the stability of the 
* magnetisn^; but the determinating of the rati* affords a very 
useful warning the (Jc&iK n V Aglien in doubt as to the lowest point 
ofr the flux-curve at which it is sifte to work. * 4 

A further disastrous conseqifcnce of designing a shunt-Vound 
* 1 Cp. Bcmche^pt \Tt*h£. htttn. Fl^L CangW, St. Louis 1904* Ifd, I, 
p. 669), wk dk ttc ratio tgj kinetic variation <tt voltage, and 

recommends that its should ^ limitrd to 2, « # 
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* machine to work on the initial straight portion of the flux-curve 
that P -even when the external circuit is open and the machine is to 
very nearly aMhe normal speed i<ir which it b designed, it may b 
difficult to reach the proper excitation. When the flux curve i 
converted into a voltage curve, the diagonal must not fall too nea 
, its initial part. As already ‘ stated, the no-current flux-curve 
owing to the presence of resbtaal magnetism, really ends at somt 
point on the,vertical axis slightly above the origin. If now i 
number of voltage curve* similar te (hose of Fig, 2J0 are plotted for 
several speeds, (he punts at which they cut tile diagonal (Fig. *29(2) 
give the voltages for the diffciiefrt speeds, and these when plotted 
as in Fig, 293 show that there is a crucial speed at which the voltage 
, rapidly rises. Below this the effect is almost entirely due to the 
residual magnetism, and as in practice tins is very small it has been 
exaggerated in tfie diagram in order 
to render the matter eJeari-:, If the 
dynamo is run up to its full speed 
before the circuit of die shunt is 
dosed, then on dosing the latter 
(and negating the secondary effects 
from sdf-uuhiciion) the rising 
voltage follows the upjier curve of 
Fig. 292; the voltage at the 
brushes b initially higher than that 
mrroponding to the required excita-. 
lion, and up tu a certain phnt the 
surplus ampere-turns conlinuc to 
increase, after which they decrease until a condition of stable equili¬ 
brium is reached at P. If the dynamo \> run tip tu full speed with 
the shunt dosed, the voyage follows the diagonal line, and a rapid 
increase is obtained when the speed reaches the crucial value which 
in uur 21'X 11* dynamo as a shunt-wouqd machine is about 
270 revolutions per minute. This crucial speed is determined by 
1 tlie air-lin«% and is easily calculated from The flux-curve as follows. 

In flic shunt machine the ampere-turns are themselves dependent 
ypon the voltage at the brushes which is nearly proportional to 
the flux at any given ^peed. * Hence ^ oc flux x sliced, or sp*jd 

AT ^ * 

oc ^- 4 . In Fig. 2&4> if $ be the working point at no-load with the b 

f AT t m / v * 

designed speed N v N x oc -^p fylhe crucial speed the anipefe- 

( i r 

turns are practically proportionals tiic air-gap reluctance, and the 
rating! the two is given by any point qn the atf*li$e, and therefore 

JV- 0 

by point Hence AT**: aftdt-T? ( In otir case from 

i rt ^ 


YtlU 
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the characteristic curve of Fi^ 287 the open-circuit £ M.F at 500 
revMutions per minute is 245 volts, corresponding 1o <t>, = 6-54 x' 
o V 6*54 

10*, so that, shown in Fig. 294, ^ ^ =, 4154 . In other 

* *1 l S l 

words, the crucial *pecd ^ rw j~ is approximately 500 X 0-54 

i * 

270 revolutions per minute. * 

The crucial.speed is fc in f act, immediately deflyable frori the 
•constructional data of the niiutune as f<4tows. On o|Htt external 



circuit aUtfjo normal speed the annul iin: induced K,M.I\ is E+ k* 

* P ^ JV 

I- J? r )* a»d is also — X <t fl X Z X j*jj X 10 _l4 P whence 


4 N _ T $ R * + R ‘ + *r) x «> x W * P T 

** 1 k Z 'a 


he M.M.F. required 


over the single air-&ip of one magnetic circuit is equal to the product 

Ki 

of flux X air-gap reluctance, the latter being ~,so thnj the ampere 

• K l 

turns of aif-^ap excitation are equal to the flux X Heiyce 

l # ■ * f ' 

for the particular flux they are C^8 Rt 0 ♦ ^ and this is also equal 

to I t T v where T t is number of shunt-turns ir^ a bobbin 
gongGspondiog Jo one^wle. • The crucial speed is thus 

_>SK-WJJ.+ R, d- R r )xM*yW' p . 

• . " a f z ■ ' x a 

In our case p*= a, and R a + aft JB r « 0 02 4- 38*8 + 1*2*« 40*02 
nhm« and*T,=M,650 ; as.»ii/lhapter XVI, $ 9, the constant by 
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wfekh the flux mifst be multiplied,^ order 

Ox K I 

turns of air-gap excitation is 1 —' « 
- 0-00083, and’' 


to giwe the ampere 
0 8 x 1-09 X 079t 
, 838 


„ 83,000 X 40 02 x 60 ^ 

IV* — 450 X 1650 ' revolutions per minyte. 


It is evident Iron Pig. 292 that tile crucial speed is tiiat for which 

u r /C -f- JT 1 

the curve 'of V t in relation to V m . (assuming that there is 

/fi 

no residual magnelism and that Ai no-current flux curve descended 
strictly io the originJr.woultl be a tangent to the diagonal at the 
origin- For sdf-txtifusion io commence there must be some 
resided magnetism, but in ord fi r to reach the true self-excitation 
that is inquired the condition N, > A r 0 must hold. Failure to 
cxcile in this sense is seldom to U; feared in practice with any but 
very small machines, except in the raw of electroplating and similar 
dynamos of very low voltage. Yet even if self-cxnt at intakes place 
it is always important, as has been already fnipnasized, to avoid 


instability of the magnet ism and to design the machine so that it 
attains a definite and high degree of magnetism vhen self-exciting 
on the shunt winding. It must therefore be worked fairly high 
up on ihe curves nffliix, and in ldg. 274 the best portions whereon 
tn work fall within ihe horizontal lines marking 5j and~6j million 
lines respectively. These pultons may be said to lie on the bend 
or knee of the curve, but it must be remember*d that the apparent 
position of this taud dermis largely on the relative soje-to which 
lim^s and ampere-turns are plotted, Another at I vantage of working 
high up the curve is that the difference of the ampere-turns of the 
shunt when hot and when y oh I then produces but small effect upon 
the flux and E.M.F. of llicWehine, since the magnet is'well satu¬ 
rated. Also, the vertical distance between the nu-Ojfrent and full- 
current curves decreases as the total flux is increased, so that the 
*ariufion in ;he voltage of the machine between full-load and no- 
load is small when the magnet is strongly excited. If, however, 
tl^ working flux-density ba taken too high, a large amount of copper 
will be required mi the deld, and tf for any reason the actual curv$ 
comes below the pretfetonftined curve, it may be practically 
impossible to rewind the magnet so as to obtain a greater flux, 


so tiiat car^ must al& be exercised not to exceed the due limit in 
this direction. 1 t ' 1 1 

| lfl*F»ll o£ Tolti fn thuaUwgand dynamo* and iti mguUtioiL— 

It will already be apparent that muth information can be obtain^ 
from the shape of the characteristic curro of the "dynamo; in the 

I Cp, Miles Walker, TM* Trwtfc in EUctruql Mttkiw, 

pp and 2M. ■ ‘ •- * 
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case of a shunj-wouud dynanUf run at a constant speed, we see tHht' 
its^.M.F. is highest when thelxfrrnal circuit is open, and the only 
current flowii^ is tflat through the shunt. When tl»external circuit 
is closed, and the armature current is welled by the addition of an 
external current, not only does the loss of volts uverfhc resistance of 
the armature progressively increAst as the armature curient 
1 increases, but the demagnetizing* effect of ^ny buck'armature 
ampere-turns yicreases.^ Hence not only does the*lycrilin^voltage 
• at the brushes ofthc dynamo fall,hut the flux due to a giv«i number 
of shunt ampere-turns is decreased. Owing, therefore, to Hie 
combined effect o^the two caused ihimel^, the increase of any hack 
a m pere d urns ( A 1 \, a nd t he h ws u f v< >1 i s o ve r »i + A\, the character 
islic gradually falls throughout the cut ire* working range of l Hr 
dynamo. If, however, the armature be of low rv>isi.ime f the dr*»p in 
volts for anV current within the working range will bclml small, and 
consequently the shunt-wound dynamo may in Midi castes be 
practically regarded as giving a neatly constant voltage when run 
at a constant speed, # * 

The shunt*-wound dyiulmo of Fig t 289 1ms been above designed to 
work high up on the fliWrcurve of * uVll saimulcd field-magnet, 
swtbat it affords A good example of the regulation which may bn 
obtained under favourable condition* with simple shunt winding. 1 
By" refutation ’* in the present conned ion is understood iho degree 
in which iftidcr different loads the machine approximates to a 
constant voltage at the terminals when run at its normal speed and 
without alteration of the rheostat inserted in the slmnt-circuit ; 
i<c. it is the rise of volts when the full load is swilchi-d off expressed 
'as a percentage of the full-had volts. From Fig. 289 it is sirn 
tftat if the rheostat resistance is adjusted to give 230 terminal volts 
a^full-load**nd at the normal speed of 5y[J revolutions per minute, 
the M/vilchi^ off of the full-load with the speed maintained constant 
w^ll cause the ^oJts^o rise to 245—-an increase of fij )i<t cent. In 
practice this rise of volts is magnified by the difference hclwirn 
the no-load and fiztld*ad speeds as fixed by the governor of the * 
prime mover. W^cn a dynamo is driven by an engine and forms 
the whole 01*a considerable portion of the had on the engine, lh* 
grater the output the slower wall t>^ theJspeiM of the engine, 
even though ft is governed for an approximately constant speed, 
*This difference of| speed between full- and no-load in an ordinary 
engine varte, but usually fanges with a good governor from 3 to 
4 cent, of th# no-kml spe8d * Jts effect is cumulative, since not 
omy does removal of the full Joad cause the E.M.F, td rise for fhe 
s%me flux, but tl^f excitation is thereby increased, which again 
causes a furtheprise of volt*. Sinae any such rise of volts if detri¬ 
mental to thf goo^ working oj a,An*rift station or other installation 
I Cp. MHe* Walker, locfriL, pp, 248 268, ( * * * 
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oMnotors and lamps, the shunt machine is almost invariably supplier 
with ft rheostat of sufficient range to enable the terminal voltenot 
onfy to be k^>t constant but even to be reduced at light loads. The 
least favourable conditions requiring the highest resistance in the 
rheostat will cv:ur wlien the machine is working at no-load and 
before it has become in any* way heated by prolonged running. 
Thus in the case of the 21* X 11' dynamo above considered the 
necessary resistance which the rheostat must provide is to be 
calculated, as follows. On the assumption that is to give the 
reduced voltage of 220 at no-load, at a speed of 515 revolutions per 
minute, or 3 per cent, utnjvc the. full load iqjerd to allow for the 
governor range, a fluft of 57 X 10* lines per magnetic circuit will 
J suffice, and from Fig. j.74 Inis is obtained with 5,800 ampere-turns 
per pule, or with a shunt currvnt of 3 42 amperes. The resistance 
of the shunt'when cold being 3276 ohms, /,(/?, f /f T ) =?- 3-42 
(32 76 K r ) - 220, whence Ii t - 31 74, say 32 ohms, wljich will 
be divided up between a number of intermediate steps prof x>rt lunate 
hMhe degree of fineness which is required in the regulation, and 
with a current-carrying»capacity tapering approximately from 
6 to 34 amperes. I( 

While the rise: of volts on switching ;1u: full J:»ad eff vario^iq a 
slumt-^oimd machine from 7 tu 20 per rent,, it is evident that the 
fall of volts on switching the full-load on is with the sp,me itidin' 
volts in the two casts considerably greater. Indeed, iVmay result 
in the machine becoming almost demagnetised, owing to the resis¬ 
tance of the shunt circuit with its rheostat fully,inserted bearing 
a high ratio to the resistance of the external circuit, and owing to 
the loss of volts over the armature resistance, and brushes with the 
full current, ' * 

g 13 * U*w ol ihunt-wound dynamo*.— Largo continuous-current 
dynamos for central-station work, which supply current at 220 or 
550 volts to a network of mains, are often slnjiii-wound. The 
voltage at the station end of the feeders to the network is in such 
eases conveniently regulated by means of rheostats. For the direct 
lighting of incandescent lamps in smaller installations, shunt-wotmd 
dynamos are not so suitable, ow ing to the necessity 4or constant 
attendance in order to regulate their E.M.F. according to the load, 
if a constant voltage is to ne maintained on the lamps. They afre, 
however, frequently used in conjunction with accumulators, and 
insuchc^cs, by means of a supplementary resistance ic the shunt, 
they are arranged to charge accumwlators during the day up^to 
abouUldO volts, ami at night to work in parallel with the battery, 
lighting incandescent lamps at 100 volts, the speed under the two 
conditions being maintained at pearly the same 4 v$ue. 

For the electro-deposition o£ metals, shunt-wound dynamos arc 
employed j for a single electrolytic- bhth with ift leads only some 
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four or five *olts are requiitd, but several baths are commonly 
worked in series a correspondingly highcr*voltage, For charging • 
accumulator*, and for electrolytic or elect ronjrtalfurgicat work, 
shunt-winding is alone statable; if*the voltage of the dynamo 
becomes less thantbc E,M.F. of the cells, or the nffrent through'thc 
electrolytic baths becomes rev ersetf through poUrifrirign at their* 
electrodes, the*direciiun of the Ainvnt rdtavl the shunt 
unchanged, although jlic cuncut through the armature wilt be 
reversed. Th<?result is that ttto machine runs as a n*>lor in the 


same direction as it did when acting as a generator, and therefore 
opposes a back K.M.F, to flic iJscharg^ fryhi Ihe cells ; this back 
E.M.F. prevents the flow of a large t^irrcqf which might hurn*up 
the armature and also injure the cdls % • * - 

* At high voltages the necessity dhitpetct vd wire for a slyurt*wind- 
ing on a small machine becomes very small, and fine*wire is not only 
expensive in itself, but the lime and irouble of winding the great 
length of it which is required become very considerable. Hence 
the maxinriUm voltage for a small mw:hit*- which has all or most of 
its excitation provided by a slmnl-diFuit may tie set at about 
500 volts, but in large generators say, 400 kilowatts output Hus 
Ina/ be raiid ti/2,250 vohs. 


* J 14. IMarminfttioa Of leriei wiodinf. SiTi^-winding although common 
in motors, is but Seldom met with in dynamo*; ytd for pn^Hisra oftom]>arist>n 
with shunt-winding it will be instructive In work nut the dt-lails of a sene* 
winding, its necessary size of wire and its disposition, rsjir-oiilly as many of 
the practical considerations tl^ri-by brought to l^lit will 1 h,' found equally 
applicable to the compound-wound dynamo that hag later to T*> discussed. 

Assumjilg,*then h that it is desired to oinvert our 21' y 11' dynamo into 
a serics-wfmnd machine without alteration of the armaimv, and that the 
terminal voltage is srilhto remain 231) at full load, an addition must be made 


to the armature induced li.M.K in unW In mver the hiss of volts over the 
Aeries windhig. With the same diim-usnim id jhiIo as in g M, we know that 
a suitable Jenth of coil and satisfactory heating mnditions will 1 ** attained 
jf wc allow a loss of about 1,280 watts over the field-wind*i£. The full arma¬ 
ture current now 4 becomes available externally, but as this differs so slightly 
from 350 amperes the latter figure will 1 >e again taken, so that the external 
volts and amperes forming the output will remain unahirml. The vnltagt 
■ . * * . . t , . I.5EHU watts* 

expended over the .senes-wind me must i lie re lore not exceed - ■ —-- 

' * Aw amperes 

■» 3*65 volts, or l*fi ^er cent, of the terminal volts. When l hi* is addedtto 
the loss of 5-9 volts over the armature te&istanJL- and thu constant loss of 
fbout 2 volts %vcr the brushes, must miw Ifc 241*55, and at the same 
full load speed of 500 revolutions p 4 minute the required flux wilt be 

4L ** x 60 x It ) 1 _ g .13 x |Qra which will fturo Fig. 274 necessitate 

* 460 X 500 * \ • 1 

10,200 ampere-tups perjxjJc. « « 

* # Assuming all the 4 bobbins to he connected in wifi, and the same surface 
rise of temperature, the required area of wire is lMature bty- equation [125) 


* 0.0244$ »10.200 x 4 x 1-08 x 1' 

! 3-«5 x V«I0'_*' . 

and the nnmber oi tupu per *cofi ii T„ *■ 


16 


0-344 square inch,* « 
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CHAPTER XVII 

t 

ovilttd wire of the neccmary diameter to gjiA thin kdion is ou^of the question 
owing tp the difficulty of winding it, A number of alternatives are, howtwer, 
possible. Thus irt a 4 pofb machine twtj of the 4 bobbins may be placed in 
parallel and the pair in scries with the remaining pair; the current in any 
turn will then be *halved, and* the number of turns doubled, but the 
section of each wi[g need be only halt as large. Or all the bobbins could V 
jjhtccd in parallel, when the current in each, being again halved, becomes 

87-5 amperes. There are, VjwArr, two objections to any* parallel 

' * s 

omnettinn of the b*bhifin, and these Income of increasing importance as the 

number ot parallel-paths is increased. In tig; first place, as the sire of each 
wire is redua^lthe ratio of thi clipper atuo to the space occupied or the value 
of 0 diminishes, so tliat it may finally become impossible to find room for the 
neccsiihry volume of copper In thf setting place, owing to the <lifferent 
fixation of the several bybbqis on the machine they cnay be differently 
afflicted as regards the cfectivencss of their cooling surface, so that even if 
thgir rerisliiuci-s are exactly cqtiitl when cold, they differ when hot; (he total 
•current jthon Ix-comes unequally <Uvided between them, and one or more 
magnetic ^ircuits may have a jgre&tcr number of ampere-tarns than the 
remainder-a remit which is espjfciaUy disadvantageous with lap-wound 
armatures, Fur ln»lh reasons, therefore, it is advisable to adhere to the 
arrangement of all tho bobbins in series, * 4 

Etoturiiing, then, to the senes eonnection, a rectangular strip may be tried, 
double-cotton-covered and wound mi (lat-wba-, Six layers 4 >\ 4-9 turns 
pcrYiyer will give the requited nfciidier of turns ^vr pofc;; the thickness of 
• 2-5' * 

the insulated strip must not ctttccd ^ , say IJ-J*, and tlic thickness of tho 

Imre copfUT will be 0-4 - 0-025 0-375*. The widtle must tlicrefopi tw 

0 915*, or when insulated 0-94'. Ip calculating the required winding length, 
cspctiidlf with a wide strip, one turn must always be added to the actual # 
number which each layer is to give, since the space lost from the^ipiral way 
\n which the strip must 1*1 wound amounts to trie width of one turn ; hence 
in our case (number of turns | I) (width of insulated wire) (4-9 -|- I) 

X 0-94 -: 5-55', Or trie# frrsd, in calculating the number of turns per layer 
that on tier wound within a certain length i4.e turn \nust*bo deducted from 
l winding length , , , _ , , , 

the quotient . , ■ . , If the strip be wide ;*urthe length 

1 width of insulated wire > 

of coil be short. this loss of space amounts to an amireriabU percentage id 
the total Length, Fur this reason the prtqioscd use o Tree tang ular strip wound 
flatwise, although it ha* in itself a very liigh value for 0 , docs n^t lend itself 
conveniently to a snlxlmsmfr of the bobbin into the three Actions with 
air-gap* bctwwn £hcm which is required in order to secure J he best results 
OH the more of ventilation. Further, the copper even when Jlivuled into twft 
strips each 0*1875* thick, wound in parallel, will be*troublesome toVind. 
jVh equivalent section of copper wound on edge, say 2 -15' x 0-14*, reduces 
"he above-motioned loss of sqjace very considerably; the winding length, 
in order to give 29fc turns per pule, must now correspond to 30 turns, or if 
the neighbouring turns arc insulated with strips of calico to fm thickness of 
OHfMT, the length must bo 30 x {[*18 = 4*8'. Whether a quarter turn can 
be secured depends upon ylicre the wtre is led on to or off the bobbins, an# 
a half “turn is usually more convenient as bringing the ctubV the opposite 
sides of each bobbin and in line all refund the tirtie of the poles in a convenient 
position for connecting ^sgether In spite of the lower value of a the edgewise 
arrangement requires less space andVt the bwY* But the windiftg of a wide 
strip on edge calls for special tools and Skift in manipulate* so that as an 
alternative a thin wide Strip wound on*the flat may be tried. The tbkkoM 

# * jj.g* * 

of the strip will be — * 0*083' when ihsulated with calico strips pasted to 

one rii*t 01 »y 0-060* bare. The xyoessary ■width b thel 5*76', and this 
may be conveniently divided into three fections each 1*9* wide. The sections 
of each bobbin are coupled together bto Mild where the connections an 
ip to the neighbouring coils by which the several V^bbins are put in series. 
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Finally, therefore, each pole wilt be (round with three sections each contain!** 
oj a topper strip 1^ fide * (Htitt* thick. insulated to OflBQV 
The joint ana of tbe throe strips is C9 >; 3 x (HW . t t) 342 square inch, 

* 0‘0'HIS m * * 

and tyeir joint *reai*taiKe prr 1,000 yards is y7^“ ohm. Thr 

* 29 l 5 # \ I'tiH 4 

resilience of the 4 bobbins in scries is " <*0 0716 <•- 0 00915 

t , 1,000 

when col^j, or 0-00615 X I■!£ ►■- IMllthi ohflt wtieu hot. The hivy uf volt* is 
0-0106 x 350 r=i 3-^1, and of watts i* l,29fl i.hir animal allown me tor l he 
armature K.M.K., etc., may therefore be m-mutted to *aud The weight 
of wire is 11*53 j* 0-342 x V2A ^ 506 lb. It will thus lie >&n that? in spite 
sof the greater lUiuArr *>C ampere tura^wlmh art* required \m tin- Held (or the 
series machine to pve the same terminal v«dt> as tlir sh>mt'W>umd mmhine, 
the better utilization of the sp^re re&ulis faun the use of >tmp as 

compared with round wire enables the came siei^f t*» W ret aim'd, the 

weight of copper umtmneri therein being greater. • m 

Owing to the higher value of n with ret tai!£uhif*Miip nfik 1 ! as turn pan* l 
with round wire, and in general owing to die (ewer turn of lom^u^iivelv 
litrge area, the current‘density m series w-itdyig is usually lower thajj in thunt 
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i coils* since the watts jst mbit* inch of total <\ullv shmjld W the sum* for 
coils of similar diufbnsioTis. [f h %s mm at m njittmmuis-i nrrml dviiaimA, the 
field-magnet U slat ionary, the eum-nt di-n^tv in the series w'nul^ig seldom 
^exceeds [,4X10 amperes [<r square iuih, and on an aveiage ranges from 750 
to 800 amperes jjer square inch. 

Keg Illation of the .seri^i machine IS Hh-ited either (fi) liv a dii 'fttrr, or less 
frequently (h^by alteration of the numlx-r rd turns ilirongh win, h tlir external 
enfricut pa&*r| (Fig. 295}, In the latter case th^-nes wmOmg is divided into 
a number ot sections from the ends of wlmh leads are hnmghl out to the 
cunlacts of a regfil^iing switch ; by limvmg the Irver of thrmttrr tlie groujo 
of sections arc brought into action nr cut out one alter the other. J 1 Ins method 
is, however, seldom employed, since it e-an rjiiiy bst ail a pled to give a few large* 
steps with consequent sparking at the mnl.irlfi, * , 

A more gradual change fan lxr obtained with a diverter (Tig. 205a) : tins 
latter consists**! an adjustable resistance Miimctbd in jural lei with 1h^ 
series winding. ISy imwing the arm of ilie regulating switch over the contact.! 
ccamectmi to the resistance, the amount wnuh is m parallel with the wnm 
winding is gradiAJly altered ; thus by detruaJk of the ohms of the resistance 
a gradually increasing proportiun of the Ibtal current is diverted away from 
tihe series coda, and the held is convsprjiidingly weakyir-d. 

| 15 , BxUml cbMMteMft. of wfte^wonnd dynamo.-Tlf external 
characteristic oj tbe dynapio wh*rt ocnes-wound as described in { U fur a 
sjfljpd of 500 revolnlions per minute, is Shown in Fig. 296. It may bn derived 
from the dux-curves of Fig. 274 in the following manner? Taking any ijurrent, 
/ k multiply it by T m „ the ntnqbcr (it turns per pole in the series*winding, 
aid then hud on <hf flux-conse for the particular current /, the cotru* 

spottding to thrf exciting power, • Thence ^ 

CNtt be determined; tht^loas nf volt* nver the renistancc armatqge^ 
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ibhiihei, Md teries-'winding « ^ x + it* + R^ t w.thil K ( cwtr- 
■poMUdf to m value of / # «■ u £|i - d] + A 4 R J, «d the eorre- 
ipooding point on the external characteristic can plotted. Next, take 
inert her value U& { § , suir! in tiw same way And the corresponding value of 
V., and to on until nutrient point* have been obtained to draw in the'curve- 
lfmity three nr f^ur flux-curves are to hand it will be necessary to interptor 
or add other curve* in order to determine the characteristic throughout 
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Fio. 230 .—Outiuteivtic curve of series* wo and dynamo. * 


a large rwagc,t>f cunlnt. Thus the curve fo% Jths of full current will fall 
approximately midway beluwn the for half and full current, but 

slightly nearer to thus former; tho hack Impure-turn* <ff the armature An 
fog* at three-i|uurtenuthan at fulMrod, owing to the decreased current, and 
the proportion of leakage is thereby decreased* 

The shape of the external characteristic for a stdewround dynuno*ri 
widcl? different from that for a ihwrt machine* Since tfe external current 
b alto the magnetizing current it ifacmWcs in the roaih a curve of flax 
But if the external current can be progAstfvcLy r^«d hy lowering the rerist 
i Ace, a point js always finally reached at which thotrimin*! voltage decrease 
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a* the external furront m inowNf, iltbouih Uu point in usually well beyffhd 
tU*«orkinf nttp of current. The fall of the eitenul chamctcristit is diu 
to tlx loss of volts 4>wr the raiitaibe of the arnUtur* tndsenM vwjity, 
and to the deihaptetuiAg effect of any back auipciv-tujtk on the tumsiDiv, 
tanner loss is directly proportional to l^e current* white the effect of the 
back ampere-turn* increase* faster than the current. <Jp Ihc other hyid, 
when the magnet is approaching saturated, if the external current is increased. 



FlC. 297,“Method of deriving extend 'liiMctcn^tk of M-rirs-wound 
dynamo* 


the increase in the total flux h bjt no means proportional to tne imreasc in 
4b* exciting feothr of the fiela Ai^rt-lnmi !I%nce the induced E.M.F. 
■Sea leM and Use rapidly as the current is increased, *uid aflsr a teruin point 
tlx increase in the induced HM.F.edow not so much as compensate for the 
Uncrossed loss q f tdh over the nsbUnai of the machine; the external 
cfauadeiiitic «lrve tbereforff attains** maximum height, and thefldb bends 
grtdvaJly dowainrdi. s # • 

If the brushes have ^ fuel notation the descent is very gradual, as in the 
case of the small aenm-mniitd dynamo illustrated in Fig.^207 H whktA^po 
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fthc&t how th* flxttffial dundenitic tor a *erirtwotind djnunto may be 
graphically comtructal The open'd,cult Aux»corvo of the dynamo* ii 
Ant converted into an B urr, curve lot the given cooitpit speed, as shown 
by the tipper rtott*xJ curve in Fig, 397, For any particular vaiu* ol the 
current the Ampere turn} required to balance all the effect* of armature 
reaction, including,,the increased leakage, may be expressed u k Al' 
where A increases as saturation is approached : this again may be cxpnrtned 
by the equivalent number of ampe;^ wNch with the given value of the Avid 

k AT 

turns jT*, per pair of poln yield k>AT ai if, ' ■ , Tin: dotted curve 


ft,A T ' * » 

marked - is thiiH drawn* ol whiUb klur scale in amjwrres to the right 

of the diagrafti is equal to the horizon tat scale of a1*tc:s*ta*\ inclined to tho 
horizontal i* then drawn the line OL, w^ich t i the volt scale at the left hand 
of the diagram mnumn-H bn n>f volts’ uvt?r the resist antes of the armature. 


hrnuhrs, nnd sent** roih lor an y t partimlar current. The induced F M.F. 
of armature for any value of the current is then derived by hinting a 
series of guilts surh that their horizontal dritame from the upper dotted 
curve is isysal to JJiu lorrcqumilin'j ordinate ah of the curve (}\f Y and at the 
name lime .nm h that they fall on tin vertical from the particular value of the 
uirh tit in question. From the curve of the armature li.M K ii g so f]t?rj yni 
hi\* tin'll Ut Ijt dnlucted the of volts AC corresponding to each valur of 
the current. If the brushes are given a greater angle of had as thr current 
is increased, the Utck am jk: re-1 urn* ot the armature then rise faster than the 
fleld ;imfn*re turns, ami gradually ovrrpjwiT the latter, so thai the octua ] 
flux, mnv diminish. The curve of the armature F.M.F, then begins its*'If to 
bend over, and the descent of the t.arve of the eternal voltage is rendered 


much s|ee[H i r. < T * ■ 

The eKternal charm:tcristir at any other J^x'i'd is obtained by simply 
altering tftc height of the ordimiles ; the slide rule is set up for the ratio of , 
the speeds, and the calculated values of f‘ a are altered m proportion to the 
alteration of ihe ermstant sjiced. ' 

I 18, UlM of icrtM-Wtittnd dyoimot. S ries-wound dynamos have been 
chiefly used for the electric transmission of energy over considerable distance, 
when or more generators are employed'to supply current to similar 
MTies wouuf^ motors through a single series circuit ((’hap, „\XM I. H 31; and 
also fur iHgh'potcnUaL arc. lighting ' * 

For miming a mindier of arcs in senes since a marly constant current is t 
required, the drooping external eIurarteristic is a distinct advantage, and on 
this account the serio-wunnd machine is worked on the desceudjtig purtintt 
of the curve. If the resistance*M any one or more lamps lx- decr^iMxl owing 
to the carbons being fe<l together, or if a lamp lie entirely cut out of circuit, 
the momentary im'rtswo in the external current is then accompanied by a' 
decrease in tlu> terminal volts; this help* to bring tHb current back to its 
norma) strength, and although it cannot be suilident to make the machine 
entirely sclf-r<VulidiHg * 0r instant current at varying potentials, it temjs 
in the right direction, nnd leaves Jess for the automatic constant-current 
regulator to do. Thus in the constant-current dynamos as fomkrtly used for 
artf lighting the drooping thnrocti'rustic was expressly exaggerated. 

* % * v * 

| 17 * Ownpound winding*—Ii^ the case of a shunt-wound dynamo 

with armature of low resistance its terminal voltage, although 
approximately* constant over rf considfcrkble range ofr current, 
necessarily falls* A constant voUdfee*over*the fidl-range of ^ 
dynamo^ capacity oreven a voltage rising with the load is, however, 
essential for most purposes, and this requirement ^ closely, 
fulfilled *D y the compound-wound dynamo ^Fig. 296)* *!f a dynamo 
» shunt-wound to give a certafh voft^e^at no-load^and ^he magnet 
^ ie addition wound with a certain munbef*o{ turns connected 
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i 

in series with the external circuit, then, as the toad is increased* 
thecurrent flowing through the series, or as JJiey are also sometimes # 
called "maiq," terns, will progressively increase the excitation. 
No«f this increase in the excitation mag tw dot only to balance * 

any increase of ihe hack ampere-turns, as more \mi\ is thrown on, 
but alw> to increase the iota) gux ghrougli^ the arnuture. As a # 






Short Shunt. / wig -'itmuf • 

l it-. 2HS», 


consequence the in&uced E.Md'\*is fticrtas^d, and when properly 
proportioned tlhis increase may l>e maddto exceed i he loss of voltage 
over the series-turns sufficiently to* compensate for the increased 
loss of volU over the armu^rc resi.stanrc and Pushes. |hus while 
the armature£.J|.F, rises with thejoad, the tenyinal voltage remains 
practically constant, however the current he •varied*over a very 
considerable range. The # external characteristic is therefore 
practically a straight line throughout the entire working range of 
current In the compound-wifeli dynamo the shunt may, in 
fact, be regarded as jirovidfng a certain initial flux and voltage; 
# * 
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Mifee latter arc maintained and reinforced against the combine* 
causes* which tend to, reduce thern*jy means of the series-tom 
the exciting power of which varies directly with the external current 
The connections of a compound-wound dynamo may be arrange* 
in two slightly different ways, shown diagrammatically in Fig- 299 
, Hy tlio first, which is ^Iso shoe'll yi Fig, 298, and is known as th 
'* short-shlint M method, the shunt is placed across (lie brushes o 
the machine, and the voltage acting on it is V\ V A -f 

the currert flowing through llio Kories winding twing simply tto 
external current Jty the second, or “ long-.shunt method, th< 
shunt is placed across the truuiimhi of the external circuit ; tin 
voltage acting on it ft tjit-n V Mt while the whole armature curren 
+ /d '■ f § | /, flows thnhigh the series winding. Of the two method: 
(fie lust is ihe more common,*hut Iheir practical difference is no 
very important 

As regards the winding of the two sets of magneti/ipg coih 
on the magnet bobbins, the series may lx* wound over the shnni 
or viw vtrsti, but it is inure convenient that they jhould forrr 
separate coils. In the latSri case, however j care must be taken thal 
the equality of the turns on (ach pole is such as to suit the necessities 
of tlie armature winding, Tims in the mujlg*ilar*iiuuhii^ tlj< 
series-winding may be confined to alternate j*ohs if the armature be 
wave-connected, but if it be tap-wound all the jxdcs are preferably 
‘similarly wound, each with its projection of shunt and eeries-turns. 

t IS, Over-COmpounding, -A constant spued and a required 
constant voltage haw been tacitly assumed abeve for the compound- 
wound dynamo ; but such are not in strictness the ordinary con¬ 
ditions of working, owing to the drop in speed lietwocn ito-load and 
full-load which results from ihe governor rang?, and Which averages 
from 3 to 4 per cent. of the no-load speed- Apart from this median- 
ieal lowering of Ihe speetX Ihere is also the electrical l.iss of vofts 
over the nuirf leads lie tween the dynamo and Jhe load, which 
increases in direct proportion to tliV current pissing 1 . If, therefore, 
constant^potentia] is required at the far ^nd of the line (as, for 
example* in a factory with 220-volt incandescent lamps or motors fun 
directly from a dynamo some distance away) the dynamo must 
give a terminal voltage of, 1 say, 230 volts frhen supplying full 
current in order to allow tbr the loss of potential 6ver the leads. 
When, however, the load is very light, the dynamo must give little 
more thap 220 volfe, and for smy exjvr^al current between zero 
and the maximumjthc externa^ voltage should qsejn proportion 
from 220 to 230. * Hence in such a case the compound-worfd 
dynamo must give a higher voltage at julMoad than at light loads, 
and that at a lower speed* Thp desired extenfel Characteristic t$ 
thus a straight line, not boxtayitfeL but slightly intlined upwards, 
or^as it is^ termed, the dynamo is tb he otw^cot&pounBtd. 
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11*. traqh of MleahHoa flt componnd wtodin*.—J^i m . 

'suppose that tat 21* x H* dynamo at Chapter XVI, §9, has lo be 
compounded to fulftl the following conditions : at ^^revolutions 
per minute. V t — 230 volts when I, =* 350 ainpdres, and at 515 
revolutions Y § =* 220 when / ( =* 0, %.t. the voltage is to rise by U> 
volts while the speethdrops al>uul 3 lucent, asjho load is increased 
from noturrent to full-current. t * * • 

To give the required voltage at no-load, O a ihusl, in jj lit be 
f-7 X 10*, and from*the iTtxurfeyt,curve o(Fig. 274 we se^tliat the 
shunt-winding must then give -JT' ll - 5.WKI ampere-turns. At 
full load, allowing a loss of 8 vt discover the /muutuio and brush 
resistances (as before!, and of 1 volt ovrt tt^r series-winding, the 
induced E,M.F". must tie 239 volts ; the lota|4iiunber of useful linev- 
1 Ux give this is 6 38 x lt>* ± ;pid, as calculated in Chanter 

XVI, § 9, thoexcitat ion required pci i*4e to give this Jhix i^A f f - 
9,750 an^pere-turns, At full load the exciting voltage on the shunt 
i* 231, if the machine lias a *'short-shunt " winding, and llie 
ampere tumviuc to the shunt are then 

n, .*! 


.■ 17 * - .! I\. 


*'V. 


( 5,090 


The uitqiejiMdtns which the Series-winding must pioduce at full-load ■ 
are there hire A T t .4 T n *--■ 9,730 - 6,89(J 3,660, and (lie qpmber 

of series tnris is / M ^ ; 10 j jK j r pile. * 

g Assuming a total loss of alxmt 1,280 watts in the held, and u 
depth of winding^ 2^5 inches as in the previous case of the shunt 
machine, vgs have still to settle the question of how to divide the 
lotal winding spate between the shunt anil scries coils snas to obtain 
the best results. * 

The shunt and series coils will be arrang'd as shown in Fig, 28b 
with the senes winding in a section below the shunt, the deplh ol 
wiftding being iq4>o1(j cases as nearly as possible tin same so as to 
give a neat appearance to Ihc cojnplele bobbin, Fiukr these 
conditions it is evidentMhat, in order to obtain an approximately * 
uniform temperature rise over the length of the bobbin, tin: loss 
per unit lengtT? of winding space should lh> approximately uniform ; 
L x and A n arc the axial lengths* of thejshunt ami series toils 

" 9 IF IF 

jespedive^, and H' # and IF,, are theWtts lust in them, ~ — y *, 

L x K * 

or^- =* W~'* I® Chapter XVI18, it was sljpwn that the watts 

* / JtP , - * 04)0002445 * _ / 

nuny coil are lF g =v4*r X l&x k x -- —and since a — a . a x 

V . * . * •Vrj* X I, X Jt X 0-00002445 

a».|,w have^n general ,({,*= * ^ , , 
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•of in the present case, since life depth and the length of 


the 

K 

iV„ 


mean turn are to be 
AT* 


tne same, ft^oc - 


un* 


La 


Hence 


and finally ~ w 1.-- /-* Thclotal winding length 


id tin: cm) being L. the correct length for the shunts oil is thus given 

1 j-— 

by the relation 


b 


AT. }<t m 

atJ^" 


/, x 


* at.Jt 


With rosier strip for the series, and round wire for the shunt- 
winding, a m will lie higher then <r |( an<l /“—will In* greater than 

AT * 


166. the 


/il-HS , , u AT* 

s,l ' Vl V<Mi V 19 ' h,n ™ AT m 

fractions of tin* total winding length whiMi stumtil he assigned to 
the shunt and series rcs^cliwly are 0*665 and 0 335. If any great 
‘departure from this ratio he contemplated^ the‘lendeViey shordd he 
in snudl machines io assign more spare to the series-windings so 
as to reduce its loss of watts, since this loss has the iiuhtect effrc\ 
of increasing the necessary armature K.Md\ and the afnt**rt:-turns 
to give the cunesjwHiding flux ;■ in large machines the opposite t 

V it *' * r 

1 The si mi is at Iht- tnp and U>t1<im uf ihr coil will actually lie cooler 
than the <*utial see I inn, hut in thi k nhrvi> this effect, due Vt th* tailing influ* 
('nur of the end ^urhu*-*. has bi-r-n neglected. On this latter approximate-’ 
assimiptimi, sime m equal inn (I'JU) tin 1 second ti-nu on lh\' Wt-hand jdflp. 
namely, 2l,i* is m>t tuki'ti into luonmt, it follows at tmee that, in order to 
satisfy the heating mwlitiurg?, the axial Lrnglh of any coil or Part of a ujil 
expressed in terms of the am pure-turns which it cuji tains is h 
.r/ v ID - i h />; 

/yt ' 

and since iiijjmr present oise, with the diunt and juries rails wound abreast, 
tin* only difference ijetweeii them lies in tr, we have * 

b ..... at. r a - m • .. 

* b. AbS?; 

Further, the current-dentil y in the l wo kind* of winding (& then inverslly 
proportional to the square root of(r in the tw^ cases. 

If the stories cods are wound over the shunt, or vice versd. there is a further ( 
difference m tluit the ifccan length oU turn uwljtic mean temperature of each 
division ofnhc*cod must depend upon its rfisifion, I-et ( ft AT t , kp refer 
to the inner coil, whether shunt or f fll A T^ i I d| W the outer c^tl, 

and p 9 he respectively the inside and outside perimeters of the complete 
^il; toon the minimum watts with a given space to be filled are reached 
when the ratio of thr depths is » t * 

*• u = ib */»;^r >7 

C *r>\v ■ j- ■ r 

4 I 

ifl^h circular bobbins of which the inside diametet»U d and the total radial 
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course is better. When the tolql loos of abiut 1,280 watts h divufa) 
in the above* proportion, th* respective amounts are 850 # 
and W m 430; the latter corresponds to a los^cver the series 
winding of f 23 volts, which is thu^ higher than the alluwante 
thht has been made above. The difference is, however, but a 
very small percentage of the w-holo f and since a division of the 
winding into three equal section? fondue** Jo ihe neat rfjqvarance * 
of the coil as a whole, the iota! winding length*of wilt W divided 
9 between the sftqpt*and Series ii^tjie propqflion of j*: J. * 

The resist a nc v which the slmnt wire must haw N fmm equation 
(124) t , . 

, 220 x KM) • % * 

,0 S.atK) y 4 X M*X i.|«-_ 
and the necessary gauge is therefow* to l>e ublaiiii'd bv the use id 
wire 0'064* tha meter with a small aq)mint of l HI 72'Vi re wound on 
one of Jhe two sections. When the two si/A'> are insulated with 
*12 mils of double cot ton covering in 0076'and 0-084', in each sire lion 
of 2' axial length there will 1>e 25-2 ayd 2J-8 turns \w foyer rpspre* 
lively, wluffi the Veqqiitd depth of 2J inches will Ik* given by 36 
layers of the smaller sift^and by a^lifision of the second section 


• ♦ 

. t. . „ . . 


♦ Turn a 

\*r 

layer. 

Turns 

P'.r 

SOt’tiiill 

1 * v » r ,u 

;;irils. ’ ; ' r<1 

* 

lal section E U l™ ,lf 

' *“>• - 1 Til * ::• 

0-064 
ihhU 
n U7f 

2S-- 

^2 

22H 

906 

627 

228 

his 1 m) 

1-411 i H:lS 

1-225 1 -- 

' *280 

**“—- • i 

t J’t-r bobbin*. 

4 bobbin* ( 
ttT per ],CKM.I yards * 

Resistance j 

* 1 



1761 

7044 

*4 

■ mi! 

: 64&J 
, 7-tt 
: 46'J 

2»0 

1120 

6-01 

674 




1 5S-K4 

nbm* 


into 25 layers of the smaller and 16 layers of the larger wire. The 
racial depth of the flayers will W 171' and the meifb length of* 
a turn ir(9'8J5 -M-7fo indu-s - 101 yard. Similarly, the depth 

depth is t the ratio — - ■ — -- and witft rcO^riftitar Ifnhbirt* of which lh« 

W • p 0 d y It 9 

A I It 

two inside <limcnsi<nw am A and ft, f ‘ , , Since ifo' ratew 

( A \ it : tA 

and — viry to some cut At Ih opposite directions, the rattb of thri depth* 

l r * * i AT */jT * 

mftices approximately to p 3 y a* before* In actual psacticfl a 

ttrge percentage djfifrrence in fb value assigned b the ratio of th^ depth* 
produce* but a Audi percentage differtnee in the total waits, so tnaf fvtm 
an approximate division will not watt* to exceed-the minimum 

appreciably. * • * * ' 
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otjtbe outer layers o( Ihe larger gore being 0 79*> the mean 
length of a turn is *r(9-875 + 0 76) inches 1225 y^rd, 


When hot, R t ^ 05-84 x 1-16 65 ohms ; thence I tl *- 


amperes, giving AT tl ^ 5,950and 745 watts, whijp I n ■-= 


m 

65 

231 

65 


3-38 


355 


amperes, giving AT n -■ ft,250 a*ul 820 watts under the lull-load 
condition* There is therefore a small margin in hand- The total 
weight of the smaller wire is 240 llOMd of the target 53 lb*, making 
2931b* in all* 


Tilt? series coils are h; consist tif'widu topjvr strip wound on flat¬ 
wise, and insulated with intervening strq>s of thin calico. The width 
frlay he nearly equal to that of the finished station, say, 1-9*, since 
the whole is to be bound over i/ith cotton tape and the insulation 
be ween the lasers need not uKti-ml round the edges* Since the 
several sections of series-winding are to l>e connected in series from 
pule to [Hilt*, in order that the start and finish of each coil may be' 
on opposite sides of the,;>olt:, there will be 10| turns oer section, 
and Ihe depth of the winding will correspond to H turns. The 
/ t . 2-5 

■ Miicknessof each turn when insulated must tlierefqre ■- 0-227'^ 


and allowing 27 mils for Ihe insulation between neighbouring turns, 
file copper strip is, for ease in winding, best divided Into two 
11ucknesses of 0-Jtxr wound together in parallel. Its area is there¬ 
fore T9 X 9-100 x 2 ^ 0-38 square inch, and its resistance per 

' 002445 * 

1,000 yard* a* 68° T- w'“ - f.MK*45. The fnt d length 

U’lW i, 

that is required is 42 turns x T08 45 4 y.u^ts, ami.its resistance 

0*0454 X 0*0645 -r OW293, or when hot, 0 00293 x116 

0-0034 ohm. When cafvying 350 amperes the loss of'volts ovtfr 
the series winding is thus 1-19, and of watts is 417, while the weight 
of the series winding is 200 lb. The total lossdn fuo hold-winding 
flt full load is 1,237 watts or T55 per rent, of the output ; it is 
rather less than in the corresponding shunt-wound machine-i-a 
result which is due to the better utilization of the spjjce with the 
rectangular strip of tty* series winding, while the a of the shunt 
winding has been kepMup tv the same figure, even though the sufc 
of wire is smaller, by the employment of a thinner insulation* The 
total weight of wirctfs correspondingly greater, namely V 40Q lb. 

In ordef to compensate for diflpre$ces of temperature of the 
compound-wound dynamo it is convenient to insert in series wiAft 
the shuht a rheostat, just as in the case of the simple shunt machine, 
but o£ (fiuch smaller range* The difference betwver the resistance 
of the shunt itself when hot ^nd'when cold would tfe compensated 

by the addition of an external 'resistance of 10 ohms i but since* 
4 L . v 
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wVkcn the whdt nvachute is <fcld, tht anfwiure voltage wbteMs 

required at lull-bad to give 08 volts at |Vp terminals will be 
reduced to a|/o«t €38, and only*9,500 ampere-tug^* *pcr pole arc * 
needfcd r while the series winding still gjvos 3,660, the shunt current 

* 5,840 * t 23) 

must be reduced t^-pjg. = 3 3 aujperes ; whence R t + R f ™ 

^ 70 ohms. The maximum resistance of tiie- rheostat frmst llum 
he at least 70,-5515 oliqis. * 

* 1 £0. Kec«Mi?y "imperfections ol compound winding.-, Although 
a dynamo may compound perfectly al full and im-l<ud. it will not 


♦i In C.G.8. Imes*t0 6 



do so w'ith^qual accuracy at intermediate points. This is dtp: 
jwtly to the flux curves being royndW Iwtwrcii the win king points 
of no and full load, as, rg. between the limits of 57 x 10* and 
, 6-38 X JO* lines in Fig. 274, and partly to (he fact tlint when "the 
brushes haoc to be given fcfyard lead in the ab<tnce of^ogimy taring 
fjples, the baak ompcro»turn#atdijl Current ar^ somewhat less than 
Hdlf the back ampere-turns at full-cunent, aad those at quarter- 
(jurrent less than^half o( t^osetat half-cun^nl, and so on. 1 'Fhe 

1 Even if ttalnuhes are retained »in a M position the effect s&f tl*c 
armatiiia reaction m incieanng the ftakagi helps to prevent the rise of the 
flux ilk the ompowd-wound mad#te from following the rise of the gttmwit 
-*-=€* proportion. / , p 
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efcct of these two causes is seen in Fig. 300* which shows a portion 
of the flux-curves pf Fig. 5574 on un enlarged scaf£. At no* toad 
(or practically po-load) the working point of on' compound-wound 
dynamo b C, and at full load F ; since the length CK gives the 
increase in the.jimpere-turns, when the current b increased up to 
full load, the increase in the ampere-turns at half-load will be 

fV/iT , ^ H 

Off r- and tho correNj>oiuflng <b 4 on the half-current curve is 

H (V * ^ 

HL. BuJf for |>erfeet cunapoundingionly H\t lines ire then required, 
and the result is that the voltaic b rather higher than it should be ; 


this* of course, increases the statut-current, anti the excess voltage 
ir, thereby rendered even greater. If therefore the terminal voltage 
correct at no-load and ai full load, it is higher than is required. 


not qnly at half-load,hut at all toads between zt-n>and the maximum, 
'flic excess voltage is roughly proportional at any j*unt to the 
vertical distance between the full line f !J\ and the dotted line 


(MF. from which it will be seen that it is greatest l>etween quartet 
an/1 ha 1 f- U 1. In ordc r F t on li n i rni ze t h i s i rn j x»r fee t ion. j a com pi nm d 
machine should be workwl as far as possible on the tipper part of 
the flux-curves ; the higher tie working limits, the flatter and more 
^horizontal do the curves become ; and the effects ia the urequ/d 
spacing of the intermediate ettrves, and of the increase of the shunt- 
excitation, are lessened. Hut in slow-speed machines,*,in ah 

* 18-kilowatt dynaiTio running at 250 revolutions per minute, the 
j>ercoutage loss of volts over its electrical resistance may amount to 
at anil 8 per cent, of the terminal voltage (3 per rent, over the 
armature mid brushes, and 2 |XT cent, in the series coils)#; allowing 
a further loss of 3 per cent, in the leads between the djmamo and 
the lamps, and also a decrease of 5 per cent: in the* speed of the 
engine at full-load, it svijl be found that fl> 4 at hit Mop d is U1,X 
1-05 -- M7 times the no-load <b 4 , although the amount of over- 
compounding iS not great. In such a case it is practically necessary 
to work the machine on the rounded knee oT the magnet ization- 

* curve, shirr, to work higher up would require^m excessive amount of 

series wire. It results that slow-speed machines and those which 
Jjavc to work over a large range of voltage compound more or less 
imjjcrfectly, and the terminal volts for any current between J apd 
| <jf full load may be from ll to 4 per cent, too high. 1. In machines 
running at comparatively high speeds the voltage should not exceed. 
the requijjfd * mount by more than 3 pftf tent., even at Che point of 
greatest difference. * f 1 * ^ o 

Machines with small magnets compound less perfectly than those 
with large magnets, and multipol&rs \yth their neater number of 
smaller magnetic circuits show in general a gre&tehpercenUge rise 

t e * 

1 CP* Miles *Walkcr, Tk? J’rtmbXts itt Mmitut* 

p.«J7X t \ 
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i i 

it in|pnpediftta> loads than wotjlfl large 2-pole dynamos. Differ * 
enoes of temperature also coashferably affeoU the perfection of 
the copipoundihg of a dynamo; if worked on the funded portion 
of the curve at no-load, and if the temperature cf the field-coils rises 
during working 50 & oj 60° F., a machine designed to compound whch 
hot will give too high a voltage a‘j no-load^and, in genera), ns the 
temperature of the dynamo changes, the relativejyalue of the shuntr 
and series-turn*!* altered, S^fh effects can, as mentionedpbove. 
ile compensated t>y inserting a sinall variable resistance in the 
shunt circuit, which can be gradual)' short huc u bed as the Uraamo 
warms up during working. In otltfr'cases^wlyjre it may lx* necess¬ 
ary to alter the amount id comixiimding to me^T different condilion^ 

( a diverter can be employed just as witn a'series'wound dynamo,' 1 *' 
or* the series-turns are connected a? intervals lo contact ^blocks, 
which enable some or all of them l>e short-cincited by the 
insertion ^jf a plug. Since the compound'•wound machine is usually 
required to excite itself on open circuit, the same precautions must 
be taken agnjfst instability of the magnetism as in shunt machine*. 
Traction generators arc very frequentlyVound to give 500 volts 
at no-load, and arc then*#»ver-coniptftmdcd to give 550 volts at 
fufl-loJU, so as to balance the loss ul volts in the transmission line. ■ 
(^mpound winding is also largely At ployed in t\c dynamos of 
isolated in^gllatioas, as for driving motors in a factory or for the 
lighting of steamships, in order to maintain an approximately 
•constant voltage on the motors or lamps under all conditions of load. 



CHAPTER XVII[ , 

THt FVI* DENSITY CUKVE ON NO-(.OAI) 

, r ’ I. The Salient-poi.k Machine < 

| l ' d ° * 

11* The determination ol 

Given a salient -]wip machine jmrier design with a total number 
pf ampere turns Afy of'excitation on each pole, it is not possible 
^to pre-determine thvtspatial distribution of the flux, i.e w the flux- 
density over a complete |>ulj:-|>ilch, without in the first instance 
assuming on$ or other of-two closely related sets af quantities; 
and the accuracy of the assumption must subsequently b£ checked 
when it can be compared with the final result obtained by its mean;. 
If found to be inaccurate, it must then l>c corrected apd the process 
repeated, until agreement is'finally reached. Vic necessity for the 
initial judicious guess-wosk gven for the no-hiad condition follows 
for the reason now to be given, and the same pece^ity alsq ho[ds 
when the armature carries cyrrcnU 
In I'ig. flttl the M.M.F, of a field coil, A T f in umpire-turns, 0; 
* mnrked in a circle on each pole, If 2 AT a l>e the ftnqxrrc-turns 
required to pass the flux from one bifurcation plane Cl) in the 
armature core below the teeth to thf next (bifurcation plant* EF t 
the magnetic potential of the core in ampere-turns wi[J be + AT^ 
at the bifurcation point under a fc\ jxfle, and - AT t at the bifurca' 
tion point under a S. pole. Either value wtfl decrease numerically 
as we proceed from the bifurcation plane towards tlje interpqlar 
plane of zero potential, hnd at each jxunt x the potential will have 
some lesser vuluc ± /IT*,. The positive and negative values, of 
the magnetic potential at the surface of th<? uruiitufe will under 
(1 cftch poJc^be numerically higher by thp amperc-fums expended 
1 over the reluctance of the teeth AT U < The magnetic potential 
of the N, and S. ]>ole-faces will then be respectively + AT r and 
'-AT tt where » * # * 

Ar,=>dT m + AT H + AT„ • ‘ 

‘ ot AT t -AT^ = AT t , + AT, t . 

II 2 AT^b» the aAipere-turnS* required K> cany the flhx from one 
pole through the ypke to the mpef p61e, the potentials at the rppts 
of tb% N* and S* poles are respectively and 4- AT M ; as the 
flax passes down through the N k pole* its potei^ial is raised by the 
lOfcF. of the exciting coil AT* less the loss irfV over the pole 
from -diyto + AT ft while ls^ passes up ti^ougii the 3; pole* 
tip'potential is correspondingly ^raised fl-om - AT f to + AT# 

tt* V " 
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Hence a second expression fa* the poten&al ol the potc-faee •& 
"obtained from the yoke side is / , 

* 'ATi-ATt-ATi-AT* • ■ 

* 4 

AllMhe above symbols have reference*^ one* half of a magnetic 
circuit, corresponding to one pole. while the complete circuit calls 
t for Xf ^*2 ATf ampere-turns of •xciftlioi^ * # 

Now AT V /IYj, and AT CX are af fust unfln^wn^siiue the tytal 
flux has not tieen **xact4r determined. Hither tluStthc Usal flux 
^ust bfeassumeeftrom which to ftiVuhic AT v an d AT m and thence 
to determine AT fi lit AT r must itself he assume as an initial 
datum. Tlicre is then only left fit* ncc^ssii^ either to guess the 
value of A T e and thence by gradual relictii|fl of it step by step 



flu*x is removed from the core to obtain /W K cr , or to assume initially 
a ^certain distribution of the flux and by t alniWton from the 
gradually increasing aore density to estimate provisionally the value 
of AT tm at each point (cp. Figs. 327 and 329). In both cases the tf 
coifrctncss of the assumptions can only be cluvkcd atlhe end of ■ 
the process, lyit it fc surprising how quickly such " trial and error " 
solutions converge on the true result., r 

\ 2* The oose-densifr com on'no loud. hi no load from con¬ 
siderations of symmetry the plain* of zero magnetic juitential 
‘passesradially down through the centre of the inlrrpoUr gap between 
two main po]^ f or down tJio*ceji1re of a commutating pile jf such 
Iwfpresent (as sffown dotted in Fljg. 3(11). Oat of the yoke total 
ampere-turns 2 AT wt the expenditure will be similar for‘equal 
distance* on eittartidc of thCfcero plane, and so also in Ihc argtatnre 
cm fjjr symmetrical points the f^Wrjcal value of ±AT„ wit be 
the same. Starting from the bifurcation plane which must 
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onload fall in tine with ftw centie qf.the pole-face, at or the *pecific 
per cm. length of path incre^at first but skritty, but a* the * 
flux-density in the^&rmature cere grows, it begins to rise very 
rapidly toward! the pole-edge and then remains nearly constant 
oyer the part of thc^nterpolar gap where the fringe is we^ik (Big. 
302). Conversely the integral of the curve or AT tm as we proceed 
in the opposite <hreny>^ from tlfc in ter polar line of synunetry to 
the pole-face centre rises at first rapidly and then becomes nearly 
flat under the Ixde. t ■ * ** * % * 

As an example, in an R-poItr machine with toothed armature of 
diameter 45 ins. -= li4-2 tm ( a pole-pitch of 45 cm. the polar 
afe was 33 cm., traviag ;*n inter polar gap of 12vm. so that c = 6. 
The equivalent air-gap length Kl, ^ HI x 0-795 0-882 and 


,, AT/cm * ' AT 



Fui. ftOft, A T' ^vrr half magnetic j-ircu it hi armature cOi*. * 


with a normal ft, r 8400, AT, - 5900, while frotp Fig, 303 fyr 

0*08/ x 8400 

this density in the air-gap .IT,;- . ™ =*582. The 


total flux ove&thc polar arc would then be 8400 ^ 33 ^ 277,OtW 
per cm. of armature core-length, and with allowance for the inter- 
polar fringe, this was increased to 204,000 as the actual total flux 
of a pole-pStch jkt cm. of core. With deduction for insulation and 


air-ducts, and a depth of core 4-5 ins. ^ 11*4 erti, baFpw the teeth, 
fhc single core-area ycr cm. p axial length of core will be taken as 
11-4 x 0-9 x 0-83 ™ U S cgi* giving a maximum density in fine 
core of 17,300, for which the */ per cm. = 72, Thence AT, under 
a pole was estimated at 390. ^he magnetic potential of a pole-face* 
was thus Wr f ■= AT, + AT t + d7' ( p590p + 580 t390== 6870, 
If now the density in the air-gap at intervals of 2J cm, orffer 
half tRe pole-pitch/obtainedfronvequathms (134) and (13S) of the 
following section, be entered as shown irf column fra&Table X, the flitx 
colle&ed in each interval i^grfqp in ftie intermediate row^; the 
actual flux in the core at the p&nt$j^and the density*£* are then 
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• 

ai sham in the 4th and 5th friuntn re&fxfctiveiy, opposite to t^e 
•values of x. The average of <n4r a section is given in the'inter- * 
mediate rows. The teeth of l Re UrmAt ure bdng 4 cm. long, t|us 
mean*diameter of Ihe core below the teeth is 1JI-2- (8 -\ 11-4} 
- wa. A cm. on the surface of the*arnut*re therefore corre- 

* &48 * 

spends to 1 X ^ * “ 0*83 cm. the centre of the core, iind 

2\ cm, on the surface correspond fo 207 in the jure. Mult fly¬ 
ing the averageW's by 2-87, aftd summing up the products, the value 
\jf A T tx at each point x is reached in the hfst column. # 

* fAUL&*X. # .* 

AT r ovfcn AhUATrit^ t’om* ** 


M ji j*-r f»t Lrnjib 


* ' 

ud. (roia 
inh-rpoUr 
OflUTT, 

* 

"A 

oi ivr*. 

At! W T-^h! in 

m Ui.m. 0.1 in. rut?, 

'V 


Vvc^f- 

>iJ |,j: 

y 

• 3? flr 


*. 







2' X S 

8370 

tl 

0 

U 



395 


* 

20,900 

2,4& 

m 

0-4 

09 


20 

83*1 

■ *20,900 

.1 



394 1 



20,910 

. ■ 


]-] 

2-3 


17 b S 

8382 

*4,810 

2iwri 1 

4.9&I 

12 



391-8 

• i 

a 



IS 

31 


» 1* 

8.390 

02,750* 

7.3#0 

1-8 



388-7 

• 

5.400 

20,970 



2 

4 1 

* 

1 'M 

83,720 

9,850 

:H 



:-S4 0 


• 

2I.IXW4 


4 

M3 


10 

M10 

104,720 


6 4 



378-3 

• 


21,080 



11 

228 


7-5 

8,420 

* • i:s r *oo 

14,800 

18 



383 5 


5,s9o 

18,100 



33 

88-5 


. 5 

H 1,900 

18,700 

M 



285 

• 

t.owl 

4,450 



Lfi 

1 :i7 


2*5 

* 148,350 

17.250 

7 L 



148 



050 


, 71-5 

148 


* u 

l 

147,000 

I7,35i 

•*72 



0 


t a Tba air-gap flux-density cum on no load. —From the 
Hhircalion plane the Aux-dcnsii y in the air up 1o a dfttawc of f/, 
from the polled g* is 




12V 


AT; 


-AT*-AT- . - AT* 

Kl g * t'* 11 Kl, + * im 


(134) 


* where il t * is the reluctance of the teeth tom*^>on<Jing to a sq. cm, 
of cross-stftion of the ()aH^ in*tlfe air-gap, t.e. foi* aapcripheral 
Width of L ciA, on the irmaturc^urface and anoxia! length of 1 cm, 
along the armature. No attempt is here mdtle to determine the 
actual undulations of the flax curve clue to the varying density over 
teeth and slot^at the armature sttface or at any other level^n the 
air*gip. But the smooth^l-c^j! cufve of density* is obtained, 
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* 

fmsn the area of whid( the totaLiux is correctly obtained So 
r important is the wying rcluctanoe of the iron tdth that »the 
toothed armature ir is best to Consider the etfcct pf -f- TA r and 
~AT r in relation, not fo tlnvarmature surface, but to the cylindrical 
surface of the fore St the level of the bottom of the slot*, fliis 
may conveniently bedonc by calculating the equivalent reluctance 
of tooth per sq* cm* V^sith in^tfle air* which is in series Vith the 
sihgfc gap. Tims if B t , is the average density over a tooth-pitch 



Fio. C03.—Touth reluctance jvr sq. cm, *f path in air-gap, 

* s 

in the air-gap, the centre of*the tooth-pitch being at point x t the 
equivalent tooth reluctzincc*in sefies with the air-gap 15 ^- * 

* mean H over tooth x U 1*257 AT tt 

* B„' ( "Vi“ X“ 

i * t * 

From the data ot tlvfc machine dftnensions a curve f such as Fig. 963 
(which*refers to the machine of $2) can bo plotted for the tooth 
reluctajice per sq. cm*of air-gap for varying gap dgnsitiea, and by 
reference to this values of B ^ artij which are in,agr«me%t can 
qtyckiy be ftrnnd for any vahreof V2S7 
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Within the jpterpokr region^ has beeiAtf&ted ih Chapter X^I f . 

( 6 (h) that the counter effect fcf ^lie adjacent^ole dies &wa£ from < 
its vjdue on *he iifterpolar line of symmetry ver^s nearly to zero 
at .the opposite pole-tip, and the rateaof'thi’j decay may approxi¬ 
mately be assumed as uniform over the half interpoLar zont, 'Ilw 
resulting flux-density on the arjmfarc surface in the interpohr 
gap for any distance x from the poh-corn^up to x c wfiuld then, 
if the armature surface ljore through mil at zcroV^fWiah i>y clSseiv 
•represented by 1 * * 


# * *• 

where £ --- 0*9y and takes into aerountltli^udmalion of the pota* 

tidges to-the armature surface, and jm' is the comvtiuii factor for 

'!*'■ * ,* . * * 

But t^o above approximation, as alMj the accurate solution of the 
'ideal case upon which it is kised, departs from the aciual facts in 
assuming th^t the armature core is throughout at Zero potential. 
In reality the^me side of the inflr]>yf;ir line of syjumelry (lie 
armature core is at a varying ]>osi^vf magnetic poirirtul /I7'„, 
l^ingjhe ampore-tjirns expended over the armature core from any^ 
point x up to tlie inter|xikr tine of symmetry, and on the opjxisitc 
*ide it is*at a varying negative p>tential -* A T rr < The dfective 
AT over the air-path for flux from one i*ole is thereby decreased* 
to (.17' r - A '/*„). and we Hire justified in assuming that the counter 
effect from the*opposite pole is proportionately increase^ the 
effective difference of potential Woming - A T* - ( h? 
■" (-'17', T et ). Next, the resultant A T tr required by the tooth 
inductance isMhat corresponding to the difference between the 
fqfward component flux from one pole and the counter component 
from the adjacent pole. The necessity ftfr employing two different 
values .'ir j (B %md d7“' u in the numerator for eftch component 
separately is at oiwfc avoided by inserting in the denominator of 
cadi item a term for thf true bHith-ivluclance, The finqj expression 
fo? the intcrpolur fringe from x ■ -■ 0 tu x - ■ t thus Womes-- ’ 

'(mlir.~AT„) «' J/ir, H AT") . q ' 

• 1 fv + Kl, •! *„ • ft fc AVi- 4 ’ ' ‘ * 


• An approximate allowance lor i*,, can alone la; made in the first 
instance, Mit as soon as4H« poIg-rt>mer is left behind y»e density 
so quickly tAat the tootH reluctance becomes practically almost 
a negligible quantity. On the interpolar line <2f symmetry m «■ m\ 
vanishes, and^aLso A T m , so*that the resultant density is zero. 
No lines enteCor leave through the armature surface, hut the 
direction o( tfie real flux ius{ %mzes the tooth-lip tangentially 
£p. Rg. 249). * • * • 
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-fflrt this manner a clou approximation to the flu^denstty curve 
f over a*po!e-pitch on^o-Joad can l£ /hade when the varying undula¬ 
tions due tolh# movement of shits and teeth afe not immediately 
required, 

II, The No ^-salient-Pole Machine 

14, Tbb diftributed Mi-wind/ng of rti* ™*hw 

—^Ii^tJie cylindrical Yo tor of a non-salient-pule liUchJpe the exciting 
coih are jrnlleaded in sloth whieti dre distributed over a certain* 
|)ortu>n of its periphery. The number of slots and the fraction a 
of the pole-pitch oVeDwhich they #.re spread vary in different makes, 
Uvt tlie practical ratine £f variation is not great* Concentration 
the winding in a siifgle ^ot or in a very few j>er i>ole would he 
favourable to the production a large magnetic flux for a given 
value oFtho a;n]K;n^hirns iff excitation* JJul the pifcsihle width 
and depth of a single slot are limited ; if open and wide* it wall 
cause exaggerated tooth ripples, and the accumulated mass of coppcf 
w ill be difficult to secure mechanically and to cool effectively. With 
an* increase in the runnier m slots the inte/vefang ititih greatly 
assist in conducting the lusfc U* the surface where it may be carried 
rjiwuy by air driven through the air-gap/and further, when (hi slot* 
are partially distributed, a grader number of ampere-turns can h& 
accommodated per pole* On llie id her hand, if the winding iff 
’distributed over the whole of the |KiJe-pi1rh ( tin? intu* turns arc 
comparatively ineffective, mi that not lung is gained by making it 
extend over more than 80 per rfnt, of the polv^utch, 1 A com¬ 
promise must therefore In; struck, and usually the wntyind fraction 
of the |x>le-pitrh fails in practice between the limits of or — U-6* 
to tr 0*8 with from 6 to 10 or 12 wound slotn jier pefle. 

In these circumstances the unwound pole-centre may be uniformly 
slotted in order to main!Sin the same magnetic relatioif to tlie air- 
gap as holds oVcr the wound portion, but more pjlially it is le<t 
unskrtfed (Figs, 234 and 235} as giving the greatest permeance, or it 
thus smaller grooves closed by magnetic weijges to give a smooth 
* surface, such grooves being used for purposes o{ axial ventilation, 
(jn tiie average then it ma y be said that two-thirds onfy of the pole- 
pitch are wound, one-third of th^ pole-pitch forming a pole-ccntge 
which in a minor degree acts like a salient pole, and, so to speak, 
holtis the flux more or less bound to itself. 

| 5* Thp tfapesfttin ot the exciting •winding is 

located in two or more slots per poi\ fhe sides of thc*&pacial cujj^ 
q! the Jtf.M.E* plotted in relation to one pole-pitch developed on 
the flat arc stepped, and when thfe fraction a of the pole-pitch \ 
only wound, the curve has a flit top extending dVer 1 - j of the 

. t * * 1 * 

1 Co. Dr. S. F. Smith, “ Tho Pole TurboAtftenfrtor, p ' Jowi t. 

{.A£.. Vol, S63. ■ * - 
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pole-pitch. In the extreme cdfs of a winding perfectly unifontty. 
distributed over the pole-pit chtoro «= I , the JjfM K curve per pole 
h a triangle, qf height ITJ2 in ampere-turns, whov / *™ the excit¬ 
ing Ament and T m is the number of ctyuluctors p<?r pole, and if the 
windin^ is closdy concentrated in one slot per pale, iiisa rcelangltsof 
the same height. Between these twojimits lie &U the intermediate 
casus of*praciieCj Since *he Msjff.h'. rise^ltfply at the^ame rate 
within each sl^t (when uniformly filled) as we jfasM^rom one wit 11 In 
i the other, a con. in non sly si ojli i inline without hukJj Vrror Ut 



—This M.M.K has then t<j bcuJlMic*! in proper proportions 
tothescveraljiarts of the magnetic cir^it—flator core, stator teeth, 
, air-gap, rotor teeth and iotor core/ As in the case of the salient- 
pole machine (S l}, in order d^eirnine the slftipe of J Influx-curve 
«ther the A ? expended overtotor anc^stator cores, or the maximum 
SSt through the rotor core, must provisionally t>e at the 

putset. m * 

Of the two^l £ best to-assume the former, thence to determine 
approximately*the total flux, and hstly to check.the first as¬ 
sumption, befure^profieedin^Vhh more detailed calculations. •Tjpm 






CHAPTER XVltl 



Fig. 305.—Division of rut or run* by equipotential HurtiMtt^on 

no ]e>ju1. 








. # 

+ THE NO-WAD FtUK-DSNSq'Y CURVE m 


t consideration^ of symmetry, *|m n»4<u& only ‘one lialf of* a. 
pole*ptch need be considered * * t 

Starting tram a* point opposite to the j*>!e-ce*trt H the curVes 
fo* tne^fjeeiht .477cm for the stator cire,wnc^for its integral in the 



F Fid. 307 *—AT expended over camjxincnt fmils of tl« magnetic 
• • '* cyiriit. * 

e* 1 * , ' 1 S v j. 

reverse direction resemble those of Fig* 302* Hie experiments o\ 
»Mr. Carl J* Fecfyheimer ajfeady mentioned in Chapter XIV, $ 12, 
show that uf"a deep stator core the flux distribution almost 
sintftoidal; it therefore the sfator ^pole-pitch is divided up into 
wnallyections, each, say,^ tteclrical degrees, and the maximum 
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+ , , I |* 

'density averaged o^r the half cofl^ection is taken as the staging- # 
l "pojnt, the value of \e deasity at*each step of 5* therefrom is found 
in proportion trf^he cosine of the angle in electrical dt^ces ; thence 
the specific A Tjcm taobtainld from a B-H curve for the sh$H~stM t 
and when surnfned up, AT 9a (or any distance from the plane of 
- maximunj flux or icfo ^oterfuah* The ampcrc-tums ATfi for the 
stfrttp teeth opposite the centrfe of each rolortfNrih arc obtained 
from a curve similar to Fig* 303, but are comparati\{pfy unimportant, 
as appear# from Fr& 307* * * 

The rotor core is treated by division into sections corresponding 
to rotor tooth-pitch^,anJ hounded by cup] {potential surfaces after 



* * 

the manner of Fig. 305* The specific AT (cm or at for each section 

Jfrill dcpcnd4m the density of the flux in the*rof.or core as affected 
by the presence or otherwise of axial ventilating h<4es or ducts 
through the core ; but usually it is found to regain fairly constant 
from the plane of maxffnum nux up to the last tooth-pitch bcfoA 
the ^equipotentiul plane A/f across the neck of the pole-centre. 
When this is closely ^proached, the density and the specific ATI cm 
rise very r^idly, as shown in FigffdOy* The integral again yields 
a continuous curve qiarked as Af£% in Fig* 307 &nd rising veff 
steeply towards AA t dver which it remains constant; for the further 
passage of the flux, the nnslotted pole-centre is reokqned as a single* 
large rwfor tooth or is divided up fijentaliy into TotGr^ooth-pftjfca* 
as 4, 5, 6 in Fig, 307, ' ' . f * • • f 

^cjjended over each rotor tooth in&ease greatljAgs thfc. 
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poVceatre isjpproached, and*%e marked as *4r«ih Fig, 307, vflflch 
abfi includes the pole-centre rtgirded as a * • 

Riding up; theft* the component items, AT tl -f ,47^ 

AT n <4 Fig* 307 for the centre of cachtotbr tyoth; 1 and deducting 
their shm from the corresponding values of the exciting ampere* 
turns qf Fig. 304/thc differences give AT ,*acting on the air-fcap, 
opposite each rotor tooth (Fig. 3l?8}* 'Hfc**flectiye ledjrth o( this 
gap has two*values ^cording as it exists betvtgcn th<^ solaces 
of rotor and slitor where both hre slotted or between^he slotted 
stator surface $nd the mishitted surface of the pole-centre, to winch 
may be added a third interiheduft if value fur*lhe tooth-pit ch at the 
edge of the pob-centrc which is only shAlc^un the one side* 'Jhc 
values of B §m thence deduced for each r</ur tooth arc marked by 
•the crosSics^on the lower full-line cwve of Fig. 3N8, the wholc^f the 
values employed in Figs. 30J, 306^8 being drived from fhe 2-polo 
3000 3-phasc turbo-alternator analysed by Mr. S. Neville in his 
paper (Fart Ill) supplementing the present writer's Fart I on the 
Flux-Wavg* of the Turtw-alternaloj: in J*ap&s on the of 

Alternating Current il&chinery.* * 

| 7, The rotor tntuvm llot tut—The difference from the 
*analegous c&se crf*tlie sahfcnt-jxde machine lies mainly in the add** 
^tional complexity introduced by the transverse nmiponepl of the 
flux crossing the rotor slots* explained in detail in the above- 
quoted paper* the difference of magnetic potent hit in ampere-turns 
aejing at any height x between the walK of a rotor slot of depth 
h K below the wfcdg<?may be express'd as * 


Ar r ^~AT e ^-(AT t ‘~AT t ) 


(136) 


yhcrc AT t are the ampere-conductors of one rotor *io(, and Al\ 
are the ;^ttpere-tums expended uvei 4be iotor core between the 


centres of two adjacent teeth for which AT m * ;vid AT 9 arc the 
ampere-tumsbxpeftded over their reluctances up to the height sfrom 
the bottom of the slots* Here A Tf relates to the tooth farther from, 
tndAT m to the tootfl nearer to, the plane of maximufn rotor fluk 
The difference dt potential thus varies greatly with the varying 
values of ATf and AT*. Near tlw pbnt^uf maximum Dux AT 9 
tlways exceeds AT t owing to the lgcrea* of the flux-density a s 
we proceed up the side of the flfix-curve, but for the unstotted 
pole-centse AT m f will iyt # so greatly exceeds?'* or may even be 
less. In the latter <£se, tiejftacketed term is ncftatfve* and the 
Hhole tenn wit\ its sign become positive* intreasing the transverse 
component due to AT r In «jnseqncnce^lTe transverse flux may 

i B i • 

* The hill fas value* otAT# aw only joined up by doitat^ine* 

r iminkinm tnlbUowmg, and Fig* only be read on the centre linei 

of the teeth. • * * w . 

• 240-252 (Pittki* ft Son* 
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.(^greater within the slA at the e^h of the pote-eenfre than at the t 
t ucntre'of the ixtilta roil, and rtiay decline to a minimum A an 
intermediate Such a case* is indicated 'in Ftg~ 909. The 
difference between the amount of the flux entering one sjde and 
leaving on the qjher Side of a tooth within any section of it* height 
# is hdded to or subtracted fronfcthe^radial component flux proceeding 
11 jj or doMi the tooth, ar&is thu$ au addition to orp deduction from 
the itseful flux pussftig through the uir^gap^ intent he,stator surface. 



Fit;. 309.—Kotor Mul flu* on no load. 


The several items of the transverse M.M.F. can be plated and 
cdtaulered separately, each as causing its own^componegt in the 
transverse slot flux. Bat of tlftse Hems the first two can be grouped 
tog^her as being independerfL qf the tooth reluctance and as being 
a nearly constant quantity until the tooth-pitch next to the edge 
of the pole-§etfre is reached. Her^the *6tfer tooth-pitch?, must be 
interpreted as the distance only i$o%\ fhe equipotontiM plane AX 
to the next lower eqmpotential surface, and the high value of the 
,477cm over the part next to A A fofees % larger aiyount of the total* 
rotor IkOc out of the core into thwslot* • *• 

To deal with the varying Hem fif the tooth rd^ctanpe an<f*the 
varying difference of potential thar tfiqice arises, each t^pth 








best divided into at least three sect ions of height degreasing tawarjfc 
the |pot of the tooth where thels^turation is matest. us shgwn at^ 
the foot of Fig. 3p7. It is tier simplest tvcakidate, first, the* 
tranaveite flux that would be caused by A TV for $fly section if the 
oj^tositt wall of the slot were at zero potential, and secondly the 
transverse flux that,would caused by AT* for thfc similar sectym 
if the walhuf the slot formed by lit" fate o£^li**looth first jpnsutered 
l>e imagined in thrn to Im* reduced to zero potential*; 1 the a)g(j>r%ir 
difference of fli^ two fluxes *ihi^ found will then 1% the actual 
component due to A T* ** /IT* Tor the considered scctiuft. Lastly, 
deducting this*flux 'from the similar quantity for the next slot 
nearer to the plane of maximum foux, jhedifference is ihc flux 
added to or subtracted from that at tjie ryfl of the seel ion ncaiW 
to the rptnr core, and, if positive, it is added thrieto within the 
section. The prwess is fully illustrated byV wuiked rumple in 
Fart III of the second Paper on th* Design vf Allt/nating Current 
Afaehitfery and need not here U j repeated. 


« 8. End-bell leakage. —The end k’ oilnections of the exdling 
coils are in place by cnd-jK k lls,*for wliich nickel steel is 

usual!}' employed. A nee this matrria^iJniafinelk, and the edge of 
the lxdl alines against ffy j rotor 1x^1 y or is serrated therefrom 
only l>y a small intervening ajr-gap, lines of flux fiom tlr? 

dips of tl^e rotor teeth and from the curved tip of the pofc-ccDlre 
into the- efcd-belh They are thus lost so far as any useful action 


is concerned, since they do not pass Ihrough the air-gap into the 


stator, but complel^ their jwlh through the substance id the end - 
bell and reenter the tips of the rotor leeth and pole-cent reminder 
a pole «tf opposite sign. The amount of this true leafage is very 
tuasiderable^nd thereby a further difference is introduced I *'tween 
the non-salient-pole and salient-pile casts. 

The corpse of the leakage flux over a»{jalf pde-pikh is indicated 
with a few equipment ial lines in Fig, 310, which sfcows the portion 
of the bell at <Ale csd developed on tlie flat. A first estimate of its 
total amount can lw made by taking J somewhat smaller value 
tlfen } AT r as acting over the half 1 with-pit*h bctw&n the lin<^ 
AB f and 00* Fftni the ,477cm thus obtained the density for the 
steel employed is found, and this, ^Jk-n multiplied by the area (if 
iSoss-section^ gives a figure fflr lofiil leakage. Assuming 
certain values for the potentials otaach rotor tooth at its lip* the 
process is continued, antj yxe difference in Upvalues as cadi tooth- 
pitch is passed is regarded £» th^Ieakage of the loothtpitch. When 
flfe AT acting on each tooth-Jfifth his rcactwd its minimum, trial 
must then be made as to how nearly the remaiifing flujfcan be carried 
found the cuy*ed paths bjj the remaining'differences of potential, 
aftefcthe manner of Fig. 310.^Adjustment of the equipfltential 
i Aajrog&ied By 1^. Neville i# the above quotMl paper. 
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maximum flux that the potential# 61 the tooth-tip/and pole-centift 
can eatfee. 1 tienerafly the scction^of the end-bell on the plane of 
maximum rotor flux becomes saturated^) a densitygf some I8,00fr 

» See P*f*r*p* Iht Design of 4U*vt&i*g Current Madtinhy, pp. I9£40l, 
for Jobber details. N 
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to 30,000 C,G*$. liftet per sqfcm* The fcnger the rotor core,4ha 
toft the pcrc&itage loss of flurty leakage inlb th^end-beHs, ^ 
I fc ot the ftix«tauttr dim*?-The importance 

of the fundamental itt relation teethe E*M,F, has Wn empha¬ 
sised & Chapter IX, £ 14, and it is evident ttiat it # is mainly depen^ 
dent on the height of the flux-defis^ty curve over'the JUt portion 
eonesiffcndmg to the pole-cenft^ andrftot when this has been 
determined, the value Jof the fundamental Wlhujrs with but little 
range of variation for £ piveti ftdio tr. # # * 

If the AT expended over the rotor and slat nr coses and teeth 
increased in strict proportion tg the distance or nunitar of teeth 



passed n\ we proceed from the plane ^ maximum flux, A T pa anil 
the densify in the air-gap would vise as inclined straight lines repro 
*ducing the sLpinjj sides of the ira|X‘zium of On reaching 

the unslotted pole-centre, the effective Air-gap length changes from 
H f t 9 to some smaller*value K"l t , so that wiih some further const a 
loss of >4 Travel* the stator core and teeth and rotor pole-centre, 
deducted from the remainder AT M will add a rectangl/oi 

41ux over scene fraction of the pntojjitrh.i The ]>tdnt of rapid rise 
of the density may be fixed at the centre of the slot nearest U) the 
unslotted pole-centre* If the pitch j>f the rotor slots in 
electricafVadians, the ffet\ortWi of the flux-density carve extends 
#ftver an aqgidar wulth in fadian* of (I* &)n (1 ~c)n -f y tl 

a *ir y 4 * * 

M and each sloping side ovjf a ftidth a* ^ * a ^ - Tg-' ’ s * ^ ” 
•* • * •# 
or # if^ slots are^pijpJiai %s for a number s per pole, 
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, T # Tile flu^Klensity curvf Jjten has the geometrical shape 

fjf Fig. 31 I, which ma^be split up tnto a trapezium of height B § * and 
a rectangle of height B/p the two together making up the jfefetjt 

IkM 1 1 ^ * 

The general expression for g trapezium in which the height B t r 
fcr a fractiorwN o r of f tm? pohvpitch (Fig* 312) is 


extends o^r 


8 i H t ' / 9* IT , 1 . \TT * | • \ 

H, ^ ^sina r> \ $ ** * -* sin 30* -f« . . . J . (137) 


and the general expression for ;» *rciangte of height'/#/ extending 
otter the same fractional tile iHde-jfitch wlien the origin is at a point 



distant &j2 of the pole-pitch away from the 'side of'u rectangle, 
«,*, midway between two ^dangles, is , B * 

B* ^ ”B/^cosa , ^sm0 J d ^cos 3ir’^sin3fr»-f . (138)' 

Jlie value B m for the combination is giVen by the sum of tte 
two expressions, and the amplitude of the joint fundamental is 

. ^ 1 .. . ( 130 ^ 

I 1 

If £*g. we assume c — Jrds* and the slots arc pitched as for 12 per 

• * * 8 1 ''m 7 #* * t 

pole, as in fig*308, o’ =* J 2 ~*vi T ^ 2 '* a,ld * 

' B n =*H 0-866 B; H- 0^088 B/ 

•* W ^ • * 

* See Dr. S. P. Smith end H. S.*I. <3&iMhii[. " The Shue'of the PrtAore 
Wav^ig»ni«trfcal Machinery/ 1 four*. /.CT£7Vd 5^ pp, 211-14* r 
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Although the^onwrs of the rectangle and the iunclures of the slop- 
ing%ides with it are in realitjfn^mded off, tJjf double value of the# 
fltu^density 3n th? line of the juncture indicates Out*at this point, 
the sajpc value of AT W divided by K*t $ ahd K w l t yields the two 
values B/ and B t w , If the ratio of the t wo valuta of the effective* 
air-gap # length be,*as usual, ab^ut fr955 l# /V ^ 0*956 1) t Jnd, 
IV = <MTH8 B| w Theme • # • . * # 

* «.t - ; joi»'+ imotJ /i, ; 

--1 -osf B t :,j ; 

- * r «fv 

Hut the above case would only be Rpr^lujed at low values of 
‘When the teelh l>ccomc ^highly sat united. the siiles of 
the curve become strongly bowed iir concave the JWirontal 
axis, crying to the increasing proportion of the lothl dT r\i>endrd 
\iver their reluctance, and the height of ihe rectangle Incomes 
proportionately greater. Botli effects ay- ilhisliatnl in big. 3U8, 
for which \ he amplitude of the fifft da Rental (shown dulled)^ is 
closely 8800 as compared with 8200, i.t. B al sm 107 

/J # mm > Hence fty purpeftes of design, B fX may be taken as, sa^. 

■ 1*09 to 1*05 if, w „ over lhe*worting range. At no hud under 
™full li>a;WexcitaUon—a condition which may require In be tested 
in order tfc calculate the inherent regulation of the alternator-- 
may sink to equality with /f, m(lr . 

110, The practical proem ol deign,—The w< cssity at ihiymtwff 


for a provisional estimate of the total flux has bee instated in 
1 § 6, and*we are now in a position to show how it can In; quickly 
made and immediately checked, and the value of If, he thus 
determined for a given excitation or vtcit versa. 

Assuming ^IT,| -j- TjTh ampere-turfft as expended over the 
stator core ad^iecth, and AT n -f AT it far the corresponding items 
in the rotor core flp to the cquiiwicnligl plane AA and onwards 
up to the surface qf the unslotted pole-ccntrc, thf difference 
JTJ2-(^7* cl + ( -47\, -f- AT et r AT tt ) ^ AT t acting totween 
pole<entre f£nd stator face- Dividing by 0 8 K 9 t r , the density Zf, fa 
jf found, which practically will Jiolct over the jx*le-ccntrc or 1 - a f # 
of the pole-pitch, save for a small Tiling off towards its edges- 
Multiplying B g M by the effective air-gap area over half ot the 
paL&'ceatft, the flux in W* sub section of tlie staKy <yrc opposite # 
ro the pole-eenfc'e edge is oftaipgfh /he same value of A f r divided 
by 0-8 K% gives a value for B / at the juncture af*rcctapgle and 
- trapeiium which cannot bg exceeded and when the rotor teethwre 
highly aaturat&TwiH not t>e reached. Plotting therefore ^lightly 
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EDITOR'S INTRODUCTION 

Os page 143 the author of th» book puts his finger upon 
one of the weaknesses in the present situation regarding 
industrial education, and at the same time points out one 
of fire most fruitful fields of effort Be say*, f ‘Gne of the 
great problems connected with vocational education is tbe 
systematic training of a sufficient number of instructors fur 
existing and proposal vocational schools." Tk> tons of 
our industrial unpHparednesa as revealed by the war have 
not been lost; never in our history has there been such a 
keen realization of the dependence of production upon skill, 
and the part that wise methods of training can haw in cul¬ 
tivating aklD. A few years ago we were greatly concerned 
about supplying skilled porkers; now we realise the equal 
necessity of training men and women to utilize the hkfll 
which the workers bring to their daily employment; hate* 
the demand for training foremen and employment man- 
agtm In our ways and mesns for meeting there Endearing 
demands wo are at once fortunate and unfortunate; fortu¬ 
nate in adequate financial support tor sound instructor 
training plans; unfortunate in a shortage of people to or- 
gflnbe and direct them, and doubly unfortunate in a lack of 
organized practical material for use in instructor (teacher) 
training classes, 

Teqpher-traimng under the terms of the SmithUughet 
Act occupies a unique position in that i amadejiMe amount 
of money tnay he made available at the vmy outset of the 
work — a condition which baa rarely etistod in American 
educational history whoa new types of education have been 
propped,' The law itself makes an aDotment of money tcT 
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every State for teacher-training inUa fields of agriculture, 
tome ecnuomics, nod trade and industry; it provides tfait 
not less than twenty per cent ear man; thin a«ty per cent 
<il the whale shall be ex^jendod in epy one of the thiie fitkb, 
and further provides that every dollar of Federal moiwy so 
expended sM be matched by a dollar from State or local 
nuira. The small State of the Union are allotted A lent 
$3000 for training teachers. If the State Board of Educa* 
tkm of a small State should decide to spend only the mini- 
mum amount possible ^twenty per cent —this Stale 
would hare $1000 of Federal money to be matched by $1000 
of State or bed money, and would hare, mall, nut less thou 
' $2000 to be expended for tketramiug of teachra for service 
in trade and industrial schools, Should the Board of Educa¬ 
tion of a small State decide to spend oity per cent, Uie rani- 
mum amount possible for this wort, this State would hare 
available $8000. From these sums the amounts vary until 
we hare tbe possibility of an expenditure for this work of 
ippnndmat^y 1)70,000 in the most populous State. 

The problem of trachw-training in an imminent one for 
serera] reasons, (1) There will be a constantly growing de- 
maud for suitably qualified teacher; u the States put into 
operation their plans far trade and industrial schools. (£} 
Each of the Steles accepting the benefits of the Federal Act 
for industrial education, must, by the terras of the act itself, 
not later than IftSQ begin its program of training Industrial 
ittfjtradMebool teachers, (ft) A wise expenditure of public 
money pate it incumbent qua all concerned with the 
aduuuisbntioa of industrial education, that methods and 
content of teacher-training courses be formulated at the 
earliest possible moment 

Ho content of a teacher-training course for teachers of 
trade and industrial subjects is determined by two consid- 
*«itiam what to teach and hour to teoch. Tte content of 
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what to (each b determined by the kind of knowledge and 
information needed ty the workmen skilled hi the field in 
which the teacher works. Tbe problem of training a skilled 
man,efficiently and expedition^? to teach others whet be 
himstfr knows ifl tEe vital part of such a teacher-training 
course.* 

Wherein does a timing coarse for vocational teach era 
differ from a couree designed for any other group of teachers? 
Una question has been frequently discussed for several 
years, but it is doubtful If at the present time there is gen¬ 
era] agreement throughout the country as to the content of 
a course for vocational teachers and a dear definition of dif¬ 
ferences, The phrase “professional training" for any group 
of teachers is not well defined. A variety of courses have 
been developed at many institutions and every year the 
study °f education brings new developments. In college 
and university catalogues today we see long lists of courses 
i having to do with education, frequently worked out in great 
: detail and minuteness, Such courses as are suggested by 
the following topics are frequent: 

History of Education, . . 

Principles of Elementary Education, 

Principles of Secondary Education. 

Organization and Administration of Elementary 
Education. 

OrgEniwition and Administration of Secondary 
Education, 

Educational Psychology. 

General Method of Teaching. 

Special Method of Teaching Particular Subjects. 

Observation of Schools. 

Practice Teaching. 

An examination of the catalogues of educational uutitu- 



tfott throughout the dtwnby wiH thaw that Wfy ana of 
three topics has been applied to vocational educathm/ 

One charged with ocguking a cottfie primarily intended 
to train teachm in vocational abools bora a bewiUqinj 
mu of material if be attempts to makers course cobpa> 
able to those developed for elementary- and iecpndaty- 
school teachers. It may not only be bewildering* it may be 
difittramgwft and yet, somehow or other* those charged 
with the administration of vocational education have to 
solve, as well and as fully as possible under existing condi¬ 
tion the problem of securing properly trained people to 
serve in trade and industrial schools* 

There » a belief that professional study will help in pre¬ 
paring those teachers, but the term “prafcoonal study 11 
b very elastic, and, doubtless, several years of experimen¬ 
tation must etipse before there is general agreement re¬ 
garding the minimum amount of professional study accept* 
able either in terms of time devoted to such study or the 
content of the course. 

Whatever the course should include, it must be closely 
correlated with the hind of schools to be developed to a 
gfvcu locality. It should also be kept oonstintVJu mind 
that the aim cf the vocational school b specific and tho 
school presents problems peculiar to that type of school. 
These problems are not those of an demeutog? or a high 
school. They are conducted tor different purposes; their 
results are tested by different standards; they deal with dif¬ 
ferent groups of people, with differait methods of teaching 
diffweut equipment; and further, the particular problems 
of tbe vocational school, totting the country it hugs, btw 
nut been made the subject of special coniLderathm in estate* 
Jilted mstilnthme; abo, if the vocational school serve® Hi. 
purpose it must be kept m the most intimate contact with 
fadirtrial resources and industrial conditions in its locality* 



h ottag wonbj the vocational field cl tafatbg b u enr- 
changing one. ABthw conditions make diftwrt 
opoft teacher* and upon those who would train teachers 
thaaara praeutadjfr the regular public achoola. 

Thebans for teadi«-t™iiiiiig, on analysis, star a recog¬ 
nition of four quaKficatioaa or sets of qualifications defied 
hi a teacher: 

(1) He should be master of the subject be propoam to 
teach. 

(a) He must be able to deal sympathetically and mteHi- 
gently with adolescents and adults, 

(8) He must know something erf the relation of Indus' 
trial education to other fields of human endeavor. 

{4} He must know how to teach. 

Every teacher-training course, or every subject proposed 
for study in such a course, may wed be challenged on the 
I ground of whut it can contribute to producing or cultivating 
I one or more of these four qualifications of attache*. Any- 
tiling that does not contribute to one of these four quota¬ 
tions is superfluous, because the time available for relevant 
matter is all too limited. The amount of time available iu 
any proposed scheme of teadier'ininiug b wry limited and 
mmt be utilized in the moat effective way. Every proposed 
course Should, therefore, be challenged ^ the ground of Hi 
selection of field iu which the student is to spend his time; 
that is to say, if we wish to produce a teacher of carpentry 
for a unit trade school or an evening trade dtenrioc school, 
what wurk should he take in order to make hia teaching mod 
effective? Obviously, if he a flammed to be a miaterof hia 
4 b*de “and do others me at present being discussed —we 
shall not (he him Mber pwotiee in hfc trade as a 
But judging by the propolis tlmt have been made* beyond 
this one thing there is little agreement on what he shall bt 
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given is order to become an effective teacher in « school 
We note courses bearing such labels ft these; 

Principles of Vocational Education, 

Cunmt Practices b Vocational Education.,/ 

The ftrdwkgy of Vocational Education, 
Iodiutni] and Trade History. * 

Numerous others might be cited. 

Running all through proposed tewJier-traising courses 
there seems to be assent to the proposition that the track*' 
mas who is to become a teacher need* to be trained in Auto 
fo&ocA, but whet he is to do, or what he shall study to bring 
about this result, is, as yet, an unsolved problem. 

Such consideratioos as these have evidently tan in Mr. 
Dooty’s mind as he baa brought together the material tor 
this book, out of his years (rf experience as a director of trade 
and technical schools, as a trainer of teachers, u an or* 
gauiser cl courses, and is a student of the many and varied 
phases of vocational education. Only m a secondary muh 
tier does this book deal with the art of teaching; its value lies 
in Its compact summing-up of facts and principles, its 
“sampling" of methods and devices in organizmg material 
for purposes of instruction, all of which, when handled by 
i live teacher of teacher^ will be a constant stimulus to 
the tncmbtn of the clam to draw upon their pwn stores 
of knowledge and experience, to focus their thinking upon 
the probfems at hand, and to justify their solutions by 
dear Running on adequate data, rather than by dogma¬ 
tism. The best book u one that compels thinking, the 
poor book offers ready-made solution*} this book happily 
avoids the latter. 

The real teacher will always wintta know the rotation of 
bit part of the work to the whole field. This book pra*nts 
I valuable combination of *h%h lights 1 * nod “background."" 
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Tfcetntitof thought ia each chapter is reinforced by a series 
of thmight-provokiug question and a skillful selection from 
the literature of the smbjed, which should bo of great value 
not'tidy in the actual work of the teacho training class, 
but eljo as the omutenf companion of the teacher m his 
effort* to make himself a better teacher. 


C.A.Piraunt 
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